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EARLY cosmogonies were almost en- 
tirely fanciful in character and were 
ften largely of emotional or religious 
import. Only within the last few hun- 
dred years have we been able to produce 
cosmogonies with truly scientific pre- 
tentions. In the last two decades activ- 
ity has increased markedly, beginning 
perhaps with the generalized theory of 
relativity of Einstein, followed by the 
work of Eddington, Jeans and Milne on 
the structure of the stars, and more re- 
cently by the theory of the expanding 
universe of le Maitre and the specula- 
tions of Tolman on cosmical thermody- 
namics. As in physics, probably the 
chief stimulus to recent activity is to be 
sought in our rapidly expanding experi- 
mental knowledge. It is obvious, how- 
ever, that there are certain permanent 
limitations on the possible observational 
material provided by astronomy; we 
shall never be able to get into the inside 
of the stars, for example, or to go back 
a million years in time. Corresponding 
to these observational characteristics, 
there must therefore be certain essential 
differences between the nature of the 
structure that we can erect on these ob- 
servations and other observational dis- 
ciplines, such as physics, where the 
observational control is much more far 
reaching and intimate. In the following 


ON THE NATURE AND THE LIMITATIONS 
OF COSMICAL INQUIRIES 


By Dr. P. W. BRIDGMAN 


PROFESSOR OF MATHEMATICS AND NATURAL PHILOSOPHY, 


I shall attempt to give some analysis of 


HARVARD UNIVERSITY 


the nature of the structure that can be 
erected on the observational material! of 
astronomy. I shall seek to find the na- 


ture of the structure in terms of ‘‘ p 


erations’’; our study will involve an 


examination of the nature of the observa- 
tional material, 


interpreting this material, 


of the methods used in 
and of the 
methods by which we may check the va 
lidity of any solutions that we may find 
bject 


limitation 


The observational material is su 


to one obvious and essential 
in that it is almost entirely optical in 
character. The only exception consists 


in the examination of actual celestial 
material which reaches the surface of the 
earth in the form of meteorites. Knowl- 
this sort is at present very 
scanty, although it 
more important; it will always, however, 


be subject to obvious vital limitations 


edge of 


is daily becoming 


due to thesmall size of any such meteoric 
The 


first 


material with which we can deal 
optical the 
place, of observations of the direction of 
the heavenly bodies; secondly, of the in- 
tensity of the total radiation from each 
individual object ; thirdly, of the spectral 
characteristics of this radiation; and 
finally, in a few cases, of interference or 
other phenomena involving differences 
in the character of the radiation from 
different parts of the same object 
Measurements of direction are of high 


material consists, in 
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precision, down to a small fraction of a 


second of are. This is sufficient, by the 
method of parallax, to give fairly good 
information about the distances of the 
nearer objects. No measurement of as- 
tronomical distance, however, has an ac- 
euracy of much more than 0.1 per cent. 
Beyond the range of parallax, observa- 
tion gives merely a projection in two 
dimensions of position, and distance has 
to be estimated by indirect methods in- 
volving extrapolations of observations 
made in the parallax zone, where it is 
to test the legitimacy of the 
Perhaps the most important 
methods is the estimate of the 
of the Cepheid variables in 
an empirical connection be- 


possible 

method. 

of these 

distance 

terms of 
tween the size and the period established 
in the zone of parallax. This method is 
used by very wide extrapolation. Any 
such extrapolation must be prepared to 
defend itself against the criticism that 
there may be systematic changes at great 
distances in the connection between 
period and size. Such a defense is im- 
possible until we have more exact knowl- 
edge than at present of the mechanism 
responsible for the variation of the 
Cepheids, and in any event a defense 
would always be impossible against the 
suggestion of the existence of effects at 
present unknown. We have to make our 
extrapolation as we do because in our 
ignorance we are powerless to suggest 
any plausible way in which the observed 
connection between size and period might 
be different. 

The astronomer is forced to go even 
further than this, however. Much ob- 
servation has developed in him certain 
‘‘hunches.’’ For instance, if he sees 
projected on the celestial sphere a large 
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space into a globular cluster. F 
if he is fortunate enough to fin, 
the group Cepheid variables, he 
the distance of the whole group 
extrapolated distance of these y 
If the distances of all the Cx pl 
out to be nearly the same, the a: 
tion of an actual globular cluster 
to have a high degree of ‘‘proba 

By hook or by crook, theret 
astronomer is able to assign dist 
a large part of his observed obj 
confidence which he feels in t 
tances decreases as the absolute 
the distance increases. 

The distribution of light in 
trum of each star gives inf 
about the mean temperature of t! 
tive radiating surface and the 
composition of this surface. Inf 
as to these quantities is made 
part on the basis of laboratory me 
ments, but also, especially as to the 
tive temperatures, on the basis of 
by which the effects of temperatur: 
pressure on the dissociation of t 
ments may be extrapolated to tem 
tures and pressures beyond experime! 
reach. The theory involves quantu 
mechanics and thermodynamics, and \ 
are fairly well satisfied with it, f 
extrapolations are not particularly larg 
as such things go. The inferences ab 
the chemical composition are also satis- 
factory; in fact I think any astronomer 
or physicist would regard this as p: 
haps the most satisfactory part of 
information. But even here, the assum} 
tion has to be made that the laws w! 
we find in our laboratory experiments 
are not essentially modified under t 
extremely different stellar conditions, 
and I suppose it would be impossible t 


give a thoroughly logical answer to a seopi 
carping critic who wanted to insist that 
this is really only an assumption al 

might not be legitimate. The carping 
critic will, however, find it impossible to 
convince a physicist that 5,000 spectrum 


number of stars, far beyond the parallax 
distance, all grouped within a small disk, 
such as would be the case if he were ob- 
serving a globular cluster, he will reverse 
the argument and say that the observed 
stars are actually grouped together in 


vive 

assul 
the I 
ing } 
thers 











J] in approximately the same posi- 
not mean the same element, iron, 





» star that they do on the earth. 
argument again here rests on con- 
tions of probability, which appeal 


ast 


every one with scientific experience, 
which nevertheless involve vague 
imperfectly understood ideas which 

ve so far eluded precise formulation. 
lhe optical data sometimes permit es- 
ites of the angular diameter of the 
star by interference methods, but the 


stimate of size is usually more indirect, 
volving the assumption of the univer- 
sality of various empirical relations 
ch are capable of direct verification 
nly a few favorable cases. At any 
rate. whatever the details of the method, 
e astronomer has estimates of the size 
f a large number of the stars, of pre- 
sion much less than the precision of 
e best distances. 

The mass of a star may be determined 
f we are fortunate enough to be dealing 
th a star which constitutes one mem- 
f a binary, the period and the 
separation of which may be observed. 
The mass of a large number of stars has 
In ealeu- 


har 
P ( 


been determined in this way. 
lating the mass from these data, the in- 
verse square law of gravitation has to be 
assumed, with the same constants as ob- 
served in the solar system, and again 
there is no defense against the criticism 
of possible changes in the law of gravi- 
tation at great distances or in remote 
epochs of time. 

Finally, observations of 
different times are accurate enough to 
give the apparent motions of a number 
of celestial objects; these combined with 
distance give the velocity in space per- 
pendicular to the line of sight. Spectro- 
scopic observations of the Doppler effect 
give the radial components of velocity, 
assuming that we know how to separate 
the Doppler effect from other effects giv- 
ing rise to spectral shifts. Altogether, 
there is a rather large amount of mate- 


position at 
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rial permitting us to give 


space of varying degrees of 





accuracy 





Besides the characteristies of the data 









of astronomy already discussed, there is 
one other very essential characteristic 
in that it is all ‘‘observational’’ in the 
narrower sense. We have to take a 
we find, without the possibility of study 







ing what happens when \ 
T mel 


ditions, which constitute such ; 





method in physics and chemistry. 







tronomy is the observational science par 
excell nce ; reology is much lke it but 
with growing possibilities of exp 
mental control afforded by geophysies 
and perhaps we may next pla e DIOLOg 






until recently an observatio 





mpletely exper 





but becoming rapidly ¢ 







mental. 






Such is the nature of the observational 
material and the inferences it allows as 
to distances, sizes, m tions, coOmMpositlo! Ss 






Our problem is now 
and bring 


and physical state. 





to organize this material 
into coordination with other branches of 
knowledge in such a way that 
that we understand the resulting strue- 


This we may perhaps define as the 






> | 
we Teel 






ture. 
problem of cosmogony in the broadest 
In the working out of the prob 
lem we may perhaps recognize two main 
aspects. There is in the first place the 
problem of inferring from our observa- 


present com- 






sense. 








tional material what the 
plete structure of the universe is; 
involves, for example, determining the 
le of a 1 in 





+h} 
LNs 







ant 


Star, 






nature of the insi 
general inferring the unobservable parts 
Then in the sec- 






from what we observe. 
ond place there is the problem of extra- 
polating our observations backward and 
forward in time in order that may 
get some idea of where our 
came from and what is its future. 
latter is by many regarded as the most 
interesting task of cosmogony. This 
extrapolation forward and backward 
should, if the present configuration is 
completely known, be capable of unique 






we 





universe 


This 
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performance, so that we should be able 
to obtain a unique answer to our ques- 
tions about past and future. But in 
view of the extreme incompleteness of 
our understanding of the present con- 
figuration, this ideal is very far from 
attainment. In fact, instead of making 
a straightforward extrapolation from the 
present configuration, the process is 
often reversed and inferential informa- 
tion about the present configuration ob- 
tained on the basis of what would be 
involved in the way of extrapolation. 
There are, in the first place, the data of 
geology controlling any extrapolation ; it 
is obvious that our backward extrapola- 
tions must provide a long enough past 
for the demands of the geologist, and 
any limitations which requirements of 
this nature impose may be accepted as 
perfectly legitimate. We may be grudg- 
ing in our acceptance of this control, 
however, because we recognize that we 
ought to be able to reproduce the past of 
geology without aid from this adventi- 
tious course. Aside from this perfectly 
legitimate demand which we make on 
our extrapolation, we make other de- 
mands which we would find it harder to 
justify on any scientific ground. For 
example, we probably shall eventually 
reject any reconstruction of the past as 
highly ‘‘improbable’’ which represents 
all the matter of the universe as having 
originally constituted a single giant 
atom, in spite of le Maitre, and I am per- 
fectly sure that any extrapolation into 
the future which predicted the destruc- 
tion of the entire cosmos within 1,000 
years would be at once rejected, although 
perhaps unconsciously, as being deroga- 
tory to human dignity. 

In general the problem of cosmogony 
is so difficult that no sort of control or 
argument appears to be neglected that 
can have any bearing on the problem, 
even if the argument is as purely emo- 
tional as that just suggested. 

We are now ready to consider the de- 


tails of the attack on the pr 
cosmogony, and it is natura! 
ourselves the problem of unders} 
how the individual units, the st; 
constructed. What we have giy 
surface temperature, chemica] 
tion, total size and total mass 
are required to reconstruct the st 
affairs at every interior point 
interior point we must know 
perature, composition and pressur 
we must know how these quantities , 
from point to point. The point 
variation is controlled by the diffe: 


equations of mechanics and t! 
namics, into which enter the par 
which determine the pertinent ply 
properties of the stellar matter, suc 


emissivity, absorption, ete. We 

that our knowledge of the nature 
material is sufficient to determi: 
parameters when temperature, 

tion and pressure are given, 

only recently that enough data | 
accumulated in the physical 

to give us the slightest eonfide 
assumptions about these quantities 
problem in general features is 1 

other problems to which physics « 

an exact solution, such, for examp): 
the problem of elasticity. In elast 
theory we are given a body 

physical properties subject to a giver 

of forces acting over its external surfac 
and perhaps other forces like those 
gravitation acting on the material ins 
and we are required to find the stress 
and strain at every interior pi 

It is possible to give a mathemat 
proof that a unique solution exists. Our 
physical intuition leads us to expect 
similarly a unique solution for a star, 
but it is still far from evident what the 
exact mathematical conditions are which 
would lead to such a unique solution. In 
fact the general problem of finding the 
appropriate mathematical method by 
which to attack this problem would 
seem not yet to be definitely settled 





pressur 


tens ol 


e { 
pneres. 


dously 


that ar 
served 
with e 
extrap 
the bes 
Entire 
matte! 
are to 


ered ¢ 





Certain plausible mathematical formula- 
ns have been rejected simply on the 
basis that in the solution they lead to 
finities at the center. Now an infinity 
solution is no reason for rejecting 
in equation which leads to it. The va- 
lity of the equation is a matter which 
rmits of direct test, and if under 
nditions infinite solutions are de- 





a 


nanded, the conclusion is that the phys- 
| assumptions which were at the basis 
the equations have ceased to be valid, 
must be replaced by others, the orig- 
nal equation still retaining its validity 
ver the range within which it was estab- 
shed. The procedure by which the 
aightforward solution of the equation 
‘+h naturally presents itself has been 
placed is a complicated one of trial 
| error, starting with assumed condi- 
ns at the center and working out until 
find conditions at the exterior 
irly as possible like those observed. 
Success has not been impressive and it 
is not certain that a single type of equa- 
tion is adequate for the solution. 
The mathematical difficulties the 
of the construction of a model of a 
the 
for- 
solutions, 


as 


in 


star are therefore severe enough; 

difficulties are not 
midable. The mathematical 
which have been obtained thus far, agree 
in assigning to the interior of the star 
perfectly scandalous temperatures and 
pressures—temperatures of the order of 
tens of millions of degrees, and pressures 
of the order of tens of millions of atmos- 
pheres. Such conditions are so tremen- 
dously beyond the range of anything 
that can be obtained in the laboratory 
that any extrapolation of properties ob- 
served in the laboratory must be viewed 
with extreme suspicion, even when this 
extrapolation is made with the help of 
the best theories that we have at present. 
Entirely unknown sorts of behavior of 
matter under these extreme conditions 
are to be expected. The recently discov- 
ered dense stars show definitely enough 


1ysical less 
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oSY 





the of matter existing in 


possibility 
hitherto unknown dense forms, and it 






is 






not yet agreed whether we are to expect 





a core of such dense matter at the center 





of each star or not. The recent discov- 


eries of the neutron and positive electron 






also tremendously affect the possibilities 


and there is the possibility of elements 












of very high atomic weights, not hith- 
erto known. Ignoring these difficulties, 
however, models of a sort have been con- 






have been successfu 






structed which 


line 
‘ 











reproducing some of the outstanding 
observational regularities of the stars, 
such as the relation discovered by Ed 
dington between mass and total bright 
ness. 

In spite of all the vagueness of our 
present formulations and our ignorance 
of the physical conditions inside th 
star, which we might be inelined to 






think would leave open sufficient POSSI 
bilities to permit an eventual exact solu- 
model 






at once en- 






stellar 


tion, 
counters 


every 


which perem] 


‘ginal 





one difficulty 





to abandon our o1 





torily forces us 
program of completely 
the star in terms of data of the labora- 


The difficulty, of course, is con- 





reconstructing 







tory. 
cerned with the radiation. 
which a star is losing energy by r: 





my} 
TS "oT 
Che rate a 






This 


involves the assumption that the radia- 






tion is capable of measurement 









tion in every direction is the same as In 
the direction of the earth. Attempts 
have been made to postulate that rad 
tion takes place only in the direction of 
bodies in position to receive the radia- 
tion, but this possible way out has en- 





lla 







countered insuperable difficulties, such 





as that of accounting for the radiational 
equilibrium of the earth.) The total 
amount of energy radiated in geological 
time can therefore be caleulated, and 
this turns out to be much greater than 
accounted for by any known source of 
radiational energy. It is not 
here to assume a complete law of conser- 
of -the energy concept 








necessary 











vation energy 
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encounters logical and formal difficulties 
when we attempt to apply it to systems 
in which only uni-directional processes 
are taking place. All that is necessary 
is the observational fact that there is no 
known source of radiation which does 
not involve the exhaustion of its source; 
energy is radiated only at the expense 
of some sort of permanent change in its 
source. It is perhaps worth mentioning 
in passing that the times involved are so 
long that the direct observation of the 
cooling or other exhaustion of any celes- 
tial body in consequence of its radiation 
is hopelessly beyond us. Granting, how- 
ever, that radiation means exhaustion 
celestially as well as terrestrially, an 
exploration of all known sources of en- 
ergy discloses that they are inadequate. 
It seems unavoidable therefore to as- 
sume some unknown source. It happens 
that our present experience contains the 
suggestion of one possibility which, al- 
though not actually realized, does not 
demand a very revolting extrapolation 
of laboratory conditions. This is the 
transformation of matter into energy, 
first suggested by Einstein’s relativity 
theory, in which it appeared that radia- 
tion of energy was accompanied by loss 
of mass of amount m=E/c’®. This 
equivalence of mass and energy has been 
established with high probability for the 
radioactive transformations. The largest 
effect of this kind to be expected cosmi- 
eally is the change of mass accompany- 
ing the transformation of four hydrogens 
into one helium. This transformation 
perhaps provides an adequate source of 
energy, but the margin of safety is not 
large, and a number of cosmologists do 
not feel that this is the solution. They 
prefer to go further and find the source 
of energy in the complete annihilation 
of matter when electron combines with 
proton. This very probably provides an 
adequate source. But on the other hand, 
the process has never been observed and 
is purely inferential; the great argu- 


ment is that it fits neatly int 
matical formulation of relativit 
In any event the importa t 
for us is that we have un 
encountered a situation w 
that our original program is 1 
of execution, but we must ass 
esses not directly given to us 
tory experience. Having thus 
down the bars, a flood of | 
descends upon us, and the qu 
where are we going to stop? 1 
many other places where it 
plausible to look for unknow: 
What is the basis for assum 
conservation of energy | 
Why may we not simply 
energy is created in a star 
star radiation is continual; 
ted, traveling a short distance 
being reabsorbed. Suppose t 
vation fails by a_ small 
amount at each process. Q1 
some idea of the relative num! 
emission processes going 
compared with the number 
concerned in the net radiated « 
considering that in the sun 
thermal content would supply 
tional energy for 15,000,000 , 
that a beam of light travels 
radius in something of the 
seconds. If conservation 
mentary quantum act of emiss 
reabsorption fails by an amount 
tically beyond the possibility 
experimental verification, the 
radiation is adequately accou 
Or again, how accurately is 
square law of gravitation chec 
any direct observation under co! 
approximating those in the inter! 
star? What basis have we for t! 
that gravitational screening may 
a property of matter with densit 


+ 


times that of water, when claim: 
been made that the effect has bee! 
tected under terrestrial condit 


What is the basis for thinking t 


? 


< 
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linary laws of elec trody lamies retain 
simple linear form when electron 
proton are as close together as they 
r when we have as intense ra- 
Physi- 


St ve O 
nal fields as in the stars. 
are already openly discussing the 


ecessity of modifying the accepted 
iantum laws for the nucleus. Why 
yy not matter even be created inside 


had to come 


? The universe 
m somewhere. 

When one the 

he attempts to judge the serious- 

ess of these various possibilities L be- 

ieve that it must be conceded that the 

Probab ly 


* the eri- 


stars 


considers eriteria by 


vhole matter is rather vague. 
broadest characterization of 


terion which we more or less uncon- 
sciously apply is that of simplicity, the 
same eriterion which we use in other 


speculative work when the problem is 
indetermined. But simplicity has no 
solute meaning; what may be simple 
from the point of view of a mathemati- 
il equation may be more complicated 
when the procedure is formulated in 
words or translated into physical opera- 
ions. An example is the procedure for 
yeasuring the length of a moving object 
in relativity theory; the actual definition 
rresponds to simple equations, but is 
much more complicated when expressed 
in words than the naive and rejected 


procedure of measuring the moving ob- 


ect 


by the application of meter sticks 
moving with the velocity. By 
vhat right does the mathematical formu- 
In this ex- 


deter- 


same 


lation acquire precedence? 
_ le the situation is completely 
nined and a decision may be made, but 
no such decision is possible in cosmog- 
ony. 

In describing ordinary physical expe- 
rience rough criteria of simplicity have 
stood the check of workability because it 
has been found possible to reproduce our 
physical experience in simple terms. 


the possibility of simplicity it would 
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Without such an experimental proof of 
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for expecting simplicity In pre! ! 
complication. Now in the cosn St 
the check against experience, in or 
choose between rival tneol Ss. 1s not pos 
sible, each theory being constructed so as 
to be equally capable f dealing w 

facts, and the criterion of simplic 
loses objective probabi \ But t I 
physical experience would suggest tha 
in this realm of totally unknown cond 
tions, pressures of 10° atmospheres 
densities of 50,000, nature would be « 
pected to become more comp l 
simplicity would be expected to f 
We might argue, therefore, that the 
more complicated of two rival thi s 
would have the greater chance of bei 
correct. But in the abse1 spe 
indications of the direction w t 
complication should take, we must s 

no preference for one com] ne 
hypothesis as distinguished from 
other, so that an attitude of perfect neu 
trality demands that we re} ve 
complicating hypothesis that we ca 
thus revert to simplicity. In this d 
main, therefore, our expectatio 
simplicity in the physical phenome 
fails us, whereas simplicit n ou 
theories remains because it expresses 





most perfectly our complete ig 
It may happen that different models 













are equally capable of reproducing the 
present observational properties of the 
stars, but when extrapolated in time dif 
ferent pasts or futures may be de 
manded. Granted that the single condi 
tion is satisfied that a star like the sun 
has a tolerably constant past as far bac! 
as geological time, what further crite 
rion in addition to those already dis 
eussed shall be applied in making our 
selection? One criterion of intrinsic 






probability is very definitely applied 









practise, namely if any solution shows 
scattered throughout the universe stars 
in different stages of evolution, satisfac 
tion is felt. Thus if my solution for a 
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present red giant indicates a condition 
at some future time such as I now find 
in some white star, I am pleased, and 
feel that my solution has a better chance 
of being correct. That is, it seems prob- 
able to me that the stellar universe as at 
present observed contains stars in dif- 
ferent stages of evolution. This involves 
the thesis that the stars did not all come 
into being at the same time, but succes- 
sively. Why does this seem more plausi- 
ble than the assumption that they all 
started together? I think examination 
will show that there is nothing very rig- 
orous here, and that the argument is to 
some extent a ‘‘hunch’’ argument, rest- 
ing partly on the feeling that in the 
nebulae we are observing localities in 
which stars are actually being born at 
the present time. 

The problem of the structure of a star 
is the problem of the atom of astronomy. 
Besides this there is the problem of the 
aggregate of the stars, just as we have a 
kinetic theory of gases in addition to the 
problem of atomic structure. In kinetic 
theory the precise structure of the atom 
makes little difference as long as the 
atom has certain very general properties 
of elasticity, ete. In the cosmic case 
there is a closer connection between the 
problem of the structure of the unit and 
of the ensemble, for the life of the en- 
semble extrapolated backward must not 
be shorter than the life of the individual 
units. There is obviously no such cor- 
responding condition in kinetic theory. 
For the present, however, we neglect 
this aspect of the problem, and confine 
our attention to the problem of finding 
the positions of the stars in past and 
future time, treating the stars as unal- 
terable units. 

The first impression on approaching 
this problem is, of course, one of over- 
whelming complexity; mathematics has 
not been able to completely solve the 
problem of even three bodies moving 
under their mutual gravitation. Some 


sort of simplification is obviousl; 
sary and we must be satisfied with 
a rough answer to our problem. 
first question is: what data are 
sary in order to ensure a detern 
answer? If the problem were 
ordinary mechanics, in which the 1 
forces between the stars were kn 
soon as their mutual distances 
known, it would be sufficient to giv 
present positions and velocities of 
stars. This we may hope to appr 
observationally, although the vel 
are determinable only very r 
But the stellar problem is not a pr 
of ordinary mechanics, because the 
tances of separation of the stars 
great that the time of propagati 
gravitation is important. The ana 
of this problem is the retarded p 
problem of electrodynamics. Her 
solution is not determinate unless 
initial positions and velocities of 


particles is given, and in addition 


initial values of the electric and n 
netic fields at every point of space 
analogue for the cosmic problem 

last requirement is a knowledge 
present gravitational field at every p 
of space. But the gravitational fi 
throughout space is not observable, 
that in principle the problem of ext 
polating backward or forward in tim: 
indeterminate, and the most that we 
hope for, even with infinite mathemat 
eal skill, would be an approximate s 
tion in which there is an indeterminat 
which would be expected to grow in 
portance as the interval of time becomes 
longer. I do not know whether a qua! 
titative discussion has been made of th 
importance of this neglected factor or 
not. 

There are other mathematical difficul- 
ties in the case of even so comparatively 
simple a system as the solar system 
Brown is authority for the statement 
that we can not be sure of gravitational 
stability for more than 10° years. This 
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less than geological time, so that 
rently the mathematical extrapola- 
‘on runs into difficulties in times that 

,. shorter than we know are necessary. 


S 


an never hope, therefore, to get a 
is solution back to the time re- 
1. Another difficulty has _ been 
ted out by Brown, who thinks that 
equations of gravitational motion of 
complicated a system may have such 
eh number of singularities that it is 
servationally impossible to supply the 
ber of positions and velocities neces- 
to determine a solution. 
ere is another difficulty of a funda- 
tal sort. The Heisenberg principle 
indetermination does not permit of 
simultaneous of posi- 
and velocity which are necessary 
xtrapolation, but there is a neces- 
reciprocal error in the observation 


observations 


ese two quantities, which means an 
growing with time in any possible 
xtrapolation. Over longer and longer 
tervals of time the details become more 
irred, until the actual identity of the 
bjects that we are talking about is lost, 
and we could not tell, for example, 
whether a star which we extrapolated to 
be in a certain position in 10°° years was 
Capella or Vega. Prediction does no 
good if we have no way of telling what 
bject it is that we are talking about, so 
that we may say that it is meaningless 
to attempt to extrapolate time so far 
forward or backward. Or in other 
words, the concept of time itself fails if 
the extrapolation is too extensive. This 
of course all assumes the validity of the 
Heisenberg principle when applied to 
the motion of the stars. It is perhaps 
needless to say that there is not a scrap 
f experimental evidence for this, so 
that our application of the principle is 
nothing but an enormous extrapolation 
of a mathematically simple law, made in 
the same spirit as our assumption of a 
mathematically exact inverse square law 
or exact conservation of energy for indi- 
vidual quantum processes. 
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striking of such phe 





ergy. most 











tive angular position of the stars whe 
their light passes close to the edge of the 
sun. The only solution proposed w! 

has been at all well received is that o 





Einstein in his generalized theory « 


relativity. 





This has demanded a radic 





aimenslor 







reconstruction of the four 
union of space and time with whicl 
special relativity theory was satisfie 






he idea of a curvature 


the 


confirmatory 


and involves t 
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vravitational field 
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space-time 
There 

solution in the shift 
Mereury and the displacement tow: 
the red of lines radiated 
gravitational field, but these checks 
other In a \ 
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in an Intense 






as tne 






not so striking 
event the entire scheme of explanati 
ical difficulty that it 







suffers from the | 





is impossible to prove a curvature 





infinite 
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for 


space-time, which 
number of 

specification, in terms of only three ob- 
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parameters 






servational quantities. 






ne 


can not be directly tested ; for one thing, 






the space of astronomy is only opti 


Ca 






and the equivalence of optical and tac- 
space can never be 
The uniqueness of Einstein’s 





tual adequately 


checked. 
solution can never be established; the ar 







gument for it, as in so many other cases, 
ean only the from 
plicity in the mathematical formulation. 

The differential equations of general 
to 


Sim- 






be argument 







relativity theory are not sufficient 
completely solve the problem of the en- 
but integration constants 









tire cosmos, 
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appear for which we can offer no physi- 
eal explanation, but which have to be 
accepted merely as brute facts. It is 
well known that entirely different be- 
haviors are indicated in the stellar sys- 
tem at great distances accordingly as a 
positive or negative value is assumed for 
one of these constants, and that the ob- 
servational material is not adequate to 
allow a choice. The expanding universe 
of le Maitre results from a particular 
choice of a constant of integration at a 
particular stage of the solution. It has 
been interesting in the last few years to 
follow the way in which opinions about 
the probable values of the constants 
followed our increasing observa- 
tional knowledge. We now have the 
experimental fact that the radiation 
emitted from the most distant objects is 
shifted toward the red by amounts indi- 
cating enormous velocities of recession if 
the ordinary Doppler explanation of the 
shift is accepted. But this property of 
radiation from distant objects can also 
be explained in terms of a proper space- 
time curvature, with the proper constant 
of integration. On what basis shall we 
choose one explanation in preference to 
the other? The preference at one time 
seemed to be in favor of a curvature, but 


have 


at present it seems to be for a recession. 
The reversal of preference has been 
brought about by the discovery by le 
Maitre of a method of getting an ex- 
panding universe into a comparatively 


simple mathematical scheme. I believe 
that if a mathematician or astronomer 
were made to defend his present prefer- 
ence he could not do better than to urge 
that it seems more probable that the 
physical state of affairs should corre- 
spond to a mathematically simple scheme 
than to something more complex. 

The same argument from feelings of 
probability occurs in many other places 
in astronomy. It is justifiable when one 
is engaged in statistical studies, com- 
paring one collection of objects from one 
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part of the sky with anot!] 
other. But in strict logic 
considerations apply only to 
bers or when it is possible t 
experimental conditions a 
times. The idea of 
applies to individual physi 


probabi it 


probability considerations car 
to a single throw of dice, 
The stellar universe is all 
it makes its history only 
ability considerations do n 
apply to it at all. It would | 
ficult to analyze just what 
logically in the frequent app 
this sort of an argument to 
I suspect that at bottom th 
would be found to 
argument from simplicity, a: 
hazy arguments, popularly p 
the language of probability t! 
logically quite different, by 
determine our course of cond 
we are confronted with situat 
which we are largely ignorant 
We have thus been driven in « 
tional astronomy to postulat 
fects, not directly verifiable by 
tion. But there not other 
served and new effects which ws 


revert 


are 


expect on general grounds? M 
not assume that there are places 


electrons and protons come into bei! 


What about radiation? Does it 
back? Does it recombine to give p! 
and electron? What is the signifi 
of the cosmic rays? May not 
physical laws be undergoing a co 
evolution, with slowly changing 
of all constants? 


The difficulties which we have thus 
discussed are to a greater or less ext 
work 


concerned with the details of 


out various specific aspects of our pro! 
fundame! 
One 1 


lem, but there are more 
difficulties, already hinted at. 
well question whether the very 


in terms of which we do our thinking 
We have a 


adequate to the situation. 
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met an example that suggests the 






s failure that we may find in our 
pts. The energy concept ol ther- 
namics is rigorously defined in 
s of processes which involve bring- 

¢ the system back to its initial config- 
m; this is obviously impossible 
the system is the entire cosmos, so 

in the strict sense of therm dynam- 

s one can not talk about a conservation 





In 


have seen that the 


‘“‘energy’’ of the universe. 





s particular case we 





rmal failure of the energy concept is 





‘much importance, because for our 
ng with only a 
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we can get al 
ial aspect of the energy concept, and 


rposes 






is possible to find an ideal meaning for 
is partial concept in its application to 
But it 


we would be similarly success- 





is not so evi- 


» entire universe. 





t that 
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in side-stepping the difficulties of 


Practically every one of 





er concepts. 





ir physical concepts demands the per- 






rmance of an experiment, which in the 





rst place can be indefinitely repeated 





time, and which in the second place 
nvolves dividing the universe into two 
the rest, on 
vhich experiments are made by an ex- 
sup- 





from 





isolated 


arts, one 






are 





ternal agency, whose actions 
posed arbitrary and unaffected by what 
occurs inside the isolated region. This 
procedure evidently breaks down when 
the subject is the entire universe. How, 
for example, shall we define the mass of 
the entire universe to the satisfaction of 
a critic who insists that the mass of the 
whole is not the sum of the masses of the 


parts, a fact which we ourselves very 
well recognize even in small parts of the 


our measure- 














when we make 
ments accurate enough. 
There are particular difficulties with 
the concept of time in addition to the 
possible difficulties connected with the 
Heisenberg principle, already men- 
tioned. The crude difficulties of the 
naive time concept have been long felt. 
Such a difficulty has already appeared 


universe 
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strictest sense what | the pre LS 
I sit in this chair, mean by th re is 
nothing but the complex of expe s 
which I can formulate to myself at th 
present, at which I arrive on the basis 
of all the regularities in 1 

my past experience has disclosed n 
The operational meaning of the futur 
for me in the present, is the complex « 


I deduce my 


this severe mean 


those operati ns by which 


But 


expectations. 


of the future will, I believe, be found t 
not quite correspond to what most 
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that it is dangerous to admit it, but for 
the present purposes we may perhaps 
allow ourselves this liberality. The im- 
portant immediate point for us is that 
none of us, I as I write, or you as you 
read, can possibly wait beyond the ter- 
mination of our individual lives. Any 
possible meaning that the future can 
have for any individual must be sought 
in the things that can happen to him in 
his lifetime, or in an interval of not 
more than 200 years, a rather brief in- 
terval compared with astronomical 
times. Contemplation of this broadest 
possible meaning that we can give to the 
future will give, I believe, a rather dif- 
ferent feeling about the significance of 
the predictions of astronomy. In phy- 
sics the situation is qualitatively entirely 
different, for all the operations by which 
the fundamental concepts are defined 
and which are involved in the funda- 


mental experiments are of such short 


duration that the ‘‘waiting’’ aspect 
hardly presents itself. However, the 
waiting aspect is always present to some 
extent, because operations are per- 
formed in time, and are composed of 
parts described in a prescribed order, so 
that on beginning a complicated opera- 
tion one has to wait before one can per- 
form the last part of it. Again, as so 
often before, we see that there are no 
hard and fast lines of demarcation be- 
tween regions of validity of concepts. 
With regard to past time, the opera- 
tional meaning of the past is much more 
definite than that of the future, for 
there is no possibility of a questionable 
operation for the past corresponding to 
‘‘waiting’’ for the future; I can never 
penetrate back into the past. The past 
for me, as I sit in my chair, means sim- 
ply the aggregate of those reconstruc- 
tions which I make on the basis of all 
the experience now at my command. It 
is evidently a most complicated thing, 
but is always subject to the limitations 
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to which the reconstructions which |] 
make are subject. 
ask what was the past ‘‘actually,’’ 
affected by the limitations of thoucht 
reconstructing it. A proper realizat 
of this again gives one a rather differ: 
feeling as to the significance of the , 
trapolations of cosmogony into the ; 
Finally, I attempt to summarize 
view to which this analysis leads us 
to the nature of cosmogony. The ess 
tial limitations of the experiment 
material place cosmogony in a class 
itself. It partakes as much as poss 
of the nature of the completely exper 
mental subjects, physics and chemist 
but is compelled by necessity to intr 
duce features relating to less shar 
defined human activities verging 
the artistic, the emotional and the meta 
physical. The artistic instinct in 
cosmologist finds expression in selectir 
those formulations or solutions, out 
the many possible ones, which are most 
elegant or most simple. The emoti 
element is well illustrated by the att 
tude which various t 
toward extrapolation into the indefinit: 
past or future. There are diametrica 
opposite attitudes here. Thus to Tolmar 
it is extremely repugnant to think 
the universe being carried in time 
such a configuration that extrapolati 
can be carried no further, which means 
either an act of creation at this epoch, 
or at least a fundamental change in th: 
laws of nature. To Tolman the idea 
a special situation presented by t 
problem of evolution which demands t! 
assumption of new and unknown laws is 
so abhorrent as to make the whole pic 
ture almost unthinkable. This has 
driven him to hunt for oscillating solu- 
tions of the cosmic problem, which per- 
mit the universe to oscillate back and 
forth between extreme configurations, 
indefinitely repeated both in past and 
future, so that there is no limit in time 
either forward or backward. On thie 


cosmologists 
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other hand, to a man like Eddington, 
the idea of a universe continually oscil- 
lating between extremes is irreconcilable 
with feelings of a purpose in stellar evo- 
ution. Eddington exclaims that he is 
‘evolutionist, not a multiplication- 
He prefers a solution in which a 
lefinite act of creation has to be assumed 


Alii 


in the past, or at least some sort of catas- 


trophe initiating the present régime, and 
perhaps a gradual decline to the ‘‘heat 
death’? of Boltzmann. 

The metaphysical element I feel to be 
active in the attitude of many cosmolo- 
gists to mathematics. By metaphysical 
[ mean the assumption of the 
of validities for which there can 


‘ 


*exils- 
tence’’ 
be no operational control, a statement 
which in itself is almost meaningless 
from the operational point of view, and 
in fact I personally have no feeling for 
this sort of thing, and can only use the 
term ‘‘metaphysical’’ in describing be- 
havior which I observe in other human 
animals. At any rate, I should call 
metaphysical the conviction that the uni- 
verse is run on exact mathematical prin- 
ciples, and its corollary that it is possible 
for human beings by a fortunate tour de 
force to formulate these principles. I 
believe that this attitude is back of the 
sentiment of many cosmologists toward 
Einstein’s differential equations of gen- 
eralized relativity theory—when, for 
example, I ask an eminent cosmologist 


in conversation why he does not give up 


the Einstein equations if they make him 


s0 much trouble, and he replies 
such a thing is unthinkable, that th 
are the only things that we are r 
sure of. 

I believe that there are dangers in 
subject in which there is such an un 
avoidable mixture of purely 
and ‘‘human’’ It seems to me 


that there is particular danger of 


sclentine 


elements 
intro- 
into tl 


inconsistencies 


actual 
if the metaphysical attitud 


ducing 
structure 
regard to 


¢ 


with mathematics is so far 
adopted as to the 
levitimate use of mathematics in att 


obscure perfectly 


ing simplicity of formulation 
dangers, I hope, may be minimize 
But 


consciousness oO! 


discussions like this. even a 


fectly clear-eyed 
nature of cosmogony will still leave 
subject in which are inextricably 


gled together the austere aspect: 
purely scientific subject with tl 
and inecaleulable aspects of a 
ity.”’ 
tute an abiding source of fascinatio 
has at least added to the pleasure of 


attempt at analysis.’ 


To many persons this wil 


1 After sending the manuscript of tl 
to press, I have read the inaugura 

Professor H. H. Plaskett, at Oxford 
28, 1933, entitled ‘‘ The 


Ther 


similarities between his points of view : 


sity on April 


Observation in Astronomy.’ 


above. 








CHARACTERISTIC FEATURES OF MATHE 
MATICS AND OF ITS HISTORY 


By Professor G. A. MILLER 


UNIVERSITY OF ILLINOIS 


Wuat machines are to the industrial 
world mathematics is to the thought 
world. Just as a machine is useful only 
in the hands of an intelligent guide, so 
theoretical mathematies is really useful 
only when its postulates are understood 


and its conclusions are construed in har- 
mony therewith. Both are employed 
largely because they economize effort. 
They are, however, used also because 
they enable the human race to accom- 
plish what would otherwise be impossi- 
ble. For instance, the rapid transporta- 
tions of to-day would be impossible 
without machinery, and the measure- 
ment of distances to and between heav- 
enly bodies would be impossible without 
mathematics. The modern industrial 
world finds machines indispensable and 
the modern intellectual world has en- 
joyed the fruits of mathematics too long 
and in too many ways to entertain seri- 
ously the idea of returning to a thought 
world devoid of mathematics, even if in- 
dividuals frequently do this after their 
college days. 

According to Pappus, the simple 
machine known as the lever impressed 
Archimedes so forcibly that he said, 
**Give me a place to stand on and I can 
move the earth.’’ Similarly, the Pythag- 
orean philosopher Philolaus is said to 
have remarked that ‘‘All things which 
can be known have number; for it is not 
possible that without number anything 
can either be conceived or known.’’ The 
fundamental place of the lever in ma- 
chinery corresponds to the fundamental 
position of the concept of number 
among the mathematical concepts, and 
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the recognition of the importa 
these concepts may have given 
the outbursts of enthusiasm just 
Primitive people sometimes 
even yet the name of a number so 
with the counted objects that the 
different words for such numbers 
and 10 when they are applied to . 
ent objects.* 

Such a waste of effort could 1 
tolerated indefinitely by the adva) 
sciences and the use of the same 
for the number 4, for instance, 
pendently not only of the 
counted but also of any concrete objects 
exhibits a fundamental feature of 
mathematical machines. The operat 
with abstract numbers is a man-1 
device to deal at a stroke with operati 
relating to an endless number of diff 
ent objects. It would be difficult to fir 
in the industrial world a more striking 
example of a machine which enables 1 
individual to work with speed and great 
power. Abstraction in the intellectua! 
world corresponds to power in the physi- 
eal world, and mathematics is preemi 
nently the science of the abstract whi 
was inaugurated by the concept of 
stract number in prehistoric times a1 
has been greatly enhanced since then by 
the broadening of this concept and 
introduction of others. 

The use of unit fractions is one of t! 
most striking examples in the history 
mathematics of the suggestion of an ele- 
mentary theorem for thousands of years 
before it was actually proved. In all the 

1Cf. E. Fettweis, ‘‘Das Rechnen der Natur 
vélker,’’ 1927, page 3. 
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} 


ich appear in the table at the 

f an ancient Egyptian work, 
denominators in the same prob- 
It was, how- 


fer from each other. 

t explicitly proved in the litera- 
re 1931 that a necessary 

nt condition that a number is 
is that it is the sum of a finite 

of distinct unit fractions and 
hese addenda can always be 
d in an infinite number of differ- 
ways so as to be equal to any given 
nal number.* One of the character- 
features of the history of mathe- 


and 


tices should be an emphasis on the 
egested theorems and the misconcep- 
ns From this point of view the 
just noted is one of the most 
mportant relating to pre-Grecian math- 
matics and the view still held by 
Euler that every negative number is 
greater than infinity is one of the most 
portant features of the history of 
gative numbers. Such features make 
history of mathematics a study of 
development by the human 


Caleulating machines relate to only a 
small part of mathematics and effect a 
omparatively small saving of labor. 
The great saving is of a more theoretical 
character and underlies the creation of 
the abstract numbers which are utilized 
by the ecaleulating machines. Hence 
our topic has only slight contact with 
While these machines be- 
gan to be developed in the seventeenth 
century the abstractions upon which 
their usefulness largely depends were 
practically completed when our earliest 
extant mathematical records were made. 
The labor-saving feature of mathematics 
is more forcibly exhibited by the theory 
of permutation groups to which have 
been reduced not only various important 
questions relating to the theory of equa- 

* American Mathematical Monthly, vol. 38, p. 


v4 


these devices. 


+ 


tions but also such a somewhat trivia 
question as the possible arrangements 
the players at card tournaments whe! 
the number of players is 
so that during 2"-1 game: 
players shall have 
once as a partner and 
nent.” 

The history of 
very clearly the } 
of the history of mathematics that many 
ed to ¢ 
spectful attention until it became known 
that they are special 
eral 
theorems were explicitly noted and led 


simple theorems fail mmand re 
cases Of more gen 
useful ones. The: general 
to explicit extensions not only 
into their more complex ramifications 
but 
details. 
spectability only on account of their 
prominent 
mathematical 
tions among the more important results 


upwards 


also downwards into their obvious 
Just as some people attain re- 


Paper 
close reiatives, SO some 


ideas have obtained posi- 


solely on account of their close connec- 
tions. For 
more obvious than the groups of move- 
ments of some of the elementary geo- 
metric figures, the 
polygons. We now sometimes emphasize 
these groups even in elementary mathe- 
matics, as may be seen from the useful 
article on the elements of the theory of 
groups in the Enciclopedia delle Mate- 
matiche Elementari.* 

It is difficult for me to believe that 
these groups were not observed by some 
of the ancients. It much 
probable that they were actually ob- 
served by many of them but were re- 


instanee, there is nothing 


such as regular 


seems more 


garded as too obvious and unimportant 
At least, no 
mention even of special cases thereof 
seems to appear in the mathematical 
literature before the latter half of the 

3Cf. G. A. Miller, Annals of Mathemat 
Vol, 19 (1917), p. 44. 

4Vol. 1, part 2 (1932), p. 63. 


to deserve special mention. 
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eighteenth century. The rapid progress 
of mathematics during the nineteenth 
and the beginning of the twentieth cen- 
tury is largely due to explicit presenta- 
tions of the obvious in view of the con- 
tacts with broad theories which were 
then rapidly developed. It has recently 
been discovered that even the ancient 
Babylonians solved certain quadratic 
equations by completing the square just 
as we do now, but no mention of the fact 
that by completing the square we can 
always formally solve such an equation 
has as yet been found in their litera- 
ture. They did not emphasize such 
obvious facts since they appeared to 
them to be isolated. 

A characteristic feature of mathe- 
matics, and perhaps of all the sciences, 
is that it has been developed largely as 
a result of a quest for the comparatively 
simple but comprehensive. Insurmount- 
able difficulties presented themselves at 
many points. In number theory, for 
instance, there remains the question 
whether the sum of the nth powers of 
two rational numbers can be the nth 
power of such a number when n > 2, in 
group theory we have not yet been able 
to determine whether there is a simple 
group of odd composite order, in geom- 
etry there is the unsolved four color 
problem, ete. Many such problems 
might have blocked mathematical ad- 
vance if the mathematicians had not 
turned their attention to the easier 
problems and developed general theories 
relating thereto which embrace many 
well-known special results. Abstract 
group theory, in particular, is such a 
theory based on such special observations 
as the following: 

The mathematical world became ac- 
quainted early with combinations of two 
elements of a given set of elements such 
that the result thereof is an element of 
the same set. For instance, the sum and 
the product of two numbers are num- 


bers, a geometric movement f 


a single geometric movement, the s 
two vectors is a vector, ete. S 
binations are very common, but t 
not universal. A pie is quite 
from the ingredients which enter | 
and group theory did not origi: 
bakery, notwithstanding the us 
of this institution. It had its 
the sphere of human experie1 
led the Biblical sage to remark ‘' 
is nothing new under the sun,’’ 
standing the many results ¢ 
accepted as new theorems yw 
peared in its development. 
It may be desirable to refer | 
very unsatisfactory situation ii 
to the use of the technical term ¢g 
the modern mathematical 
This may be illustrated by ref 
an introductory observation re 
this subject which appears in 
of the recent Italian encyclop 
elementary mathematics noted 
It is here stated (page 20) that 
tion of group has been greatly ext 
during the last fifty years by in 
therein operations or transf 
whose number may be finite or int 
whenever the transformation res 
from any two of them, applied su 
sively, is equivalent to a single 
them. The natural inference theref: 
is that such vague general notions |! 
been enriched during the last fifty 
by the extensive developments of g! 
theory, while, as a matter of fact, 1 
single theorem thereof applies t 
in their complete generality. He 
statement is apt to be misleading 
It would be better to say that 


notion of group is restricted by post 


lates and hence it can never be exte! 
A modification of these postulates 1s 
course, always in order and this ma) 
what S. Lie had in mind when | 
serted in his ‘‘Theorie der Trans! 

















pen’ that 


there are groups 


a ntl 


volve neither the 
rse of 


sion Which exists to-day along 


each of their elements 


; 


s exhibited by the fact that one 


find good recent authority for 


natural numbers when 


at the 


by multiplication form a 


s well as for saying that they do 


Fortunately, 


+ 


‘ His property 


ters state 


their postulates ex 


ind henee avoid all such mis 


standing (ne of the most satis 


systems of group postulates 
sserts explicitly that only two elements 
mbined at a time and that when 
an two elements are combined 
g Ss vely they obey the associative 


Moreover, 
svmbols of the equation zy 


when any two of the 


are re 


bv the same element or by two 


st et elements of a group the equa 


vill determine uniquely a_ third 
ement thereof. 


that 
postu 


‘ 


remarkable fact 


of the 


It is a somewhat 
s simple formulation 
es Of a group, which applies to those 
those of 


generally 


nfinite as well as to finite 


has not 
} 
pted by 


been more 
modern writers on this sub 
it is briefer than others which 


since 


more frequently used and is in line 


} 
; 


the fundamental tendency in 


nematies 


towards brevity and com- 


prel nsiveness ot expression. The term 


ip is appropriate for a compara 


‘ 


vely new subject since it is the only 


mathematical term for a large 


t ehnical 


whose etymology has not been 
‘el back more than 400 years. It 
ms to have had a common origin in 


ntral Europe with the word crop and 
have been first used in English in con 
The nature of 
subject would be more clearly ex- 


‘tion with decorations. 


bited by the term combination which 
s employed earlier (about 1770 by 
\ l 


1888). p 162 
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HISTORY 





Perhaps e g s 7. 
human race led | 

rorme erm, W s - sed 
conn n by E. G s (1811-1832 
In f n its sens 
rroup may ve eX 1 mol 


l imbet Col pT Ss S 

A conspicuous 
mathematics 1s ! ney ivi 
eredit for the ‘ 
to t] Sse who are supposed 
exhibited them Kor instanes ! 
two parts e | e} D 
elementary mathematics while! ive 
peared recently there are author index 
but no subject indexes. The custon 
eiving such eredit s not alwavs bee 
followed | Tr ns ! not ! 
historical note appears in the far 
‘Elements’’ of Euclid and we have 1 
evidence to support the view that eve 


a silngie 


mathematical the 


before the times of the ancient Gree 
was then credited t tS author I} 
ancient Greeks inaugurated the cre 
viving custom in mathematics but 1 


all of them practise d it as has been 1 


in regard to Euclid It represents 
effort to create a isting memo! 
those who have enriched our intellectua 
lives and it is to be hoped that it 
tend to attract n re workers Int TI 
intellectual fields vyhich see 
to use indefinit o 
of workers who at lonever 1 ' 
pl vi le our p S nts } ‘ 
the (rl Wing emele | ? } y 

The libraries ibor . 
the world are peace centers not ’ 
because they provide enlightenment | 
also because they provide fields for last 
ing achievements even for the most an 


bitious. An organization like the Aj 
ican Sigma X ilmsS TO attrart 
university 


pe nile mto This fie ( 


quainting them with some of the worl 
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ers therein and exposing them to the 
contagion of the enthusiasm of these 
workers. While the mathematical inves- 
tigators do not constitute the largest 
group of scientific workers, more than 
3,000 contribute now annually about 
5,000 memoirs of sufficient importance to 
be recorded in the Jahrbuch tiber due 
Fortschritte de r Mathematik, which has 
recorded such annual advances for more 
than sixty years. The first volume of 
this publication recorded less than 500 
names of contributors to the advance- 
ment of our subject so that the number 
of mathematical contributors to-day is 
about six times as large as it was sixty 
years ago. For America the ratio of this 
increase is much larger since only four 
or five American contributors are noted 
in this first volume, while now this num- 
ber is several hundred annually. Asaph 
Hall and Simon Newcomb are the most 
favorably known Americans whose con- 
tributions are mentioned in the said first 
volume. They are now best known on 
account of their astronomical achieve- 
ments. 

Mathematics is largely a science of 
equivalent variants. From the earliest 
times geometry and analysis have 
largely supported each other and each 
has provided a field of interpretation for 
results obtained in the other. Equiva- 
lent rational numbers presented them- 
selves early in an infinite number of 
forms as common fractions and the re- 
striction of constructions by ruler and 
compasses in Euclid’s ‘‘Elements’’ cor- 
responds to the limitation of finding 
only the real roots of real quadratic 
equations in analysis. The conjugates 
of a group are equivalent variants of 
each other and similar figures are equiv- 
alent under a certain group of transfor- 
mations. By the principle of duality 


which was cleared up in the early part 
of the nineteenth century by the diseus- 
sions by J. D. Gergonne, J. V. Ponee- 


let, and J. Pliicker) vari 
theorems of different aspe 
duced from each other, and 
space may be regarded eit! 


space or as a space ot sets 0 


l 


Up to the times of the anc 


mathematics was essentia 
tion of relations between 


bers The theorems of veo 


were then considered relate t 


volumes, and hence tl 
a numerical nature. The a 
added thereto the study 
properties which were not 


cal nature, such as the dra\ 


vents to curves, but mathen 
confined to the study of num: 


tions and geometric figures 


time when the properties 


van to be studied in the 


the eighteenth century Gr 


is not confined to the study 


relations or veometric fieures e) 
is illustrated by both of thes 


and has greatly enriched 


ments had been combined sine 
vinninge of mathematics but 
study of the laws of these comb 


even under the very strong rest 


imposed by group theory, 


line of development in mathemat 
wisdom of which is substantiate 


rapid developments ot this 


recent vears and the numerous 
tions of the results obtained ther 
The permutations which we 


before the development of 
were of a numerical nature 
still studied in our courses i 


algebra and should not be cont 


the permutations of group 


latter are often called substitut 
distinguish them from the former 


is still done in the recent 


clopedia of elementary mathemat 
which we referred above. and has 1 


advantages. The permutati 


stitutions of group theory 











, 








sniered 


ns are arbitrary in a certain 


essity of considering « 


rves 


hematician 


the two terms permutations ant 


ms in the former sense 


lettar 


latter more Trequen 


and his example was commonly 


by later writers 


Weber (1842-1913). who 


1dopt 
mer term, and his popular alae 
ive been ver\ influential in tum 
tide in favor of this term at tl 
time It remains ft be seel 
er this tide will retur 

s uld be emphasized That ne ex 
sive developments of abstract group 


are aue to the vrreatl re 


largely 
ris 


iis imposed on 


While 


} 


therein 
sense 1 


be 


that they 


verv far from the truth t 


were not ted by 


Mathematics 1s 


me sugges 


largely 


‘Te caSes. 


its and its 


rowth of experiments 


. ] 
“act theories were otten suggested 


mathematical physics and were 


adopted very slowly in order t 
endless repetitions or to simplify 


developments When the ancient 


eeks assumed the Archimedian postu 


related postulate 


closely 


the 


all right angles are equal to each 


and 


er they probably did so to avoid the 


‘ertain difficul 
he 
The assumption that 
the 
r tangents at their common points is 
of mathematical 
Euclid. If the 


le mathematical considerations have 


rather than to in closer contact 


actual facts 


intersect at angle as 


same 


emarkable 


source 


rress posterior TO 


» such an extensive theory it is dif- 

to predict the scope our subject 
assume when we pursue the study 
he more difficult and 


restricted 


less 


closing we desire to refer to a sift 


on which concerns the professional 


than those who are 


less 
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secure pel ~ 
tory of cet : < 
Irequent }) I l 
reneral hist eS sub 
1 ttle re . 

| ~ if ] ~ ~ 

insatis tol ! } ss 
mathema . ~ . 

hest either theme 
some or thie l ' 
scripts retati } F 

velopments ! ! S 

rrom W cit ( S ‘ 
of experts in va s fields | 

S That The l ! née ~ 
mathematics wus ! \ \ f] 
oral shortcomings ¢ 
ably be most ett Tive ' reduce 
frank diseussio} ( n the p 
eals. The fact that this method . 
always been available without ft 
results Trom an at Incem«é 1 
preface of volume 2 of the oldes 
German mathematic perlodica is 
lows: ‘*‘Everythi that could iniu 
someone will be ineconditior 
rivorouslyv ex ier Kvei n} 
matica pub leations the trutl na ! 
alwavs been paran nt and probal 
never will be eve) the Bible s 
**The truth sha make \ 1 Tree , 
sibly the noted policy tends 
the survival during more than a centur 
of this parth il mathen 
cal 

Those who recoenize the laree number 
of errors in some of our mathe) 
histories and re pained by thie 
sO Tnanv voung Students S we 
men are exposed thereto may fit n 
consolation in the observation 1 . 
people absorb I more I 
digest and w it 1S not L1vest 
almost as well pe la set is 1 | 
trouble arises when we ft 
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falsehoods relating to selentific matters 
The resulting pangs are usually not ex- 
perienced until after the college days 
and even then they relate to only a small 


Most 


undue re- 


part of what has been absorbed. 
of us go through life with an 
spect for the printed page and the hope 
evolution rather 


The 


demonstrations 


for improvement by 


than by revolution laboratories 
the 


rendered a vreat 


and mathematical 


have service towards 
freeing intellectual centers from some of 
their superstitions, but even in these 
centers the safe truths have as yet to be 
selected with care and the limits within 
which some others may be used safely 
constitute questions of tact. 

efforts 
cently to the 


but these have naturally been no more 


Various have been made re- 


clefine term mathematies, 


successful than the description of an in- 
developing 


dividual while it is still 
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rapidly. One could 
fairly accurate view bv sa TI 
. s* . | 


Euclid’s *‘Elements’’ represe: 
mathematies and that the large ( 


peri aps 





mathematical encyclopedia 1 
sents also modern mathemat 
does not vel know what rut 


matics will be. It is true tl 
definition is of little value to 
desire to secure knowledge wit 
sonal effort, but to these we 

that 


come without sueh efforts A 


real knowledge usually 
of the rapid and somewhat bu 
if the 


ture is due to an effort to consti 


Sclent 


modern 


crowth 


mobile roads into the various 
science, but many interesting 

to be overlooked in trave 
the 


however, characteristi 


apt 


roads at usual automobil: 
This is, 


ern seclence. 











THE WORK OF THE BUREAU OF STANDARDS 


IN ELECTRICITY AND RADIO 


By E. C. CRITTENDEN 


F OF 
| ICITY provide fac t > , 
brit iid } ‘? it s baivili ics CSSCI 


the modern social 

facilities are created and main 
] P } " ] . 

a complex and highly organ 


ndustry, in which scientifie control 
duct and scientific research look 

further development are most 
In such control and 


lv employed 


pment, precise and reliable mea 
s ments are necessary at every step. 
workers 1th every exact selence, elee- 


measurements have a double im- 


tance, because electricity not only 
vides light and power and communi- 
yn, but aiso gives the most effective 
measurements of mani 


these 


struments for 
To facilitate measure 


is the 


d kinds. 

nts in science and in industry 
iry purpose of the electrical work 
by the Bureau of Standards 


The Bureau as it 


PXISTS TO clay Is. how 
erowt! 


and de 


takes 


the result of 30 years ot 


adaptation to the needs 


the times, and its work 


ds of 


forms which do not fit com 


y into any simple and logical classi 


riety of 


on. The various uses of electricity 


ve different kinds of service 


riven 


the Bureau, and its own activities are 


spondingly diverse. It is possible 
‘only to mention the more important 
ese activities and to give a few spe 
examples illustrating the work done 
Tur FounpDATION or ELEcTRICAI 
MEASUREMENTS 
Electrical measurements ar 


rily upon 


based pri 
forces. The 
thods used for deriving and defining 
electrical units have varied, but the 
eral intention has been to make the 
t of electrical 


mechanieal 


energy the 


Same as 








li i 

) measul 

} verted ~ " 

! currents 

It is } ' 
such isu ! Hts t 
very higl ) . . 
much more d establis 
re 1 Values I l il S , , 
tion to tl ! 
rects Ku hel ! ss 
having uniform ¢ trical units 
out the world s long bee 
because electrical n surements p 
important a part in the world-w 
change ot selentine a ias W ~ 
industrial products A series 
evresses anc ! nees extend 
a period of 30 years (from 158] 
1910) therefore d oped our presé 
‘international’? systen f units 
was intended 1 un) m b 
ro} ( tri ! sure! nts ppore 
mately CONSIS | I mn nal 
units This svs rical u 
starts with a ch is t 
tance at U ( | niforn thy) id 
pure mercury 106.3 © ne and 


ing 14.4521 
fined by 


1.118 milligran S OL Slivel per st 


specil! l 


In practise, | ver, the basic 
are wire resistance « S$ 101 
ST na re ? \ ' 
ve ree | ? } 
S ma tained | ’ Re 


standards 


The Bureau of Standards was er 
in 1901: for the first deeade of its 
istence its electrical researc] rk 
largely directed to the estal 
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PRACTICAL STANDARDS OF 
TANCE AND OF ELECTRO 
MOTIVE FORCE 


RESIS 


Rt 0 4 > Ss \ ) ) oO 

Yi oO CONS I BASIS Ol 

I { \ ASI I (oO S A 
MO D \ HT CASES Oo 

\ t | < S S PS N 
D Ol Ee A B OF STAND 
ARD DHE MALL ¢ ( \ 
SA » oO WES oO oO OF I} 
ryt SED BY Ht ATIONAT STANDARDIZING 
LABORATORIES TO MAINTAIN THE UNIT OF ELE¢ 
rTROMOTIVE FORCE, THE VOLT. THREE STANDARD 
cr OF I SA ATED, PORTA I AS 
UPI » CO ERCIALLY, ARE SHOW A 

IG 


satisfactory basic units and the physical 
needed to maintain them. 
Under the leadership of Dr. Edward B 
Rosa this experimental work rivaled that 


standards 


of the best European laboratories and 
gained such recognition that the final 
steps in the establishment of the inter 
national units were carried out at the 
Bureau by a committee including repre 
sentatives from France, Germany and 
Great Britain. The svstem thus set up 
Was put into use in 1912 and is still 
maintained through the cooperation of 
national laboratories in the larger coun 
tries. In this work the Bureau of Stand 
ards has taken a leading part; through 
the care exercised in the choice and use 
of its reference standards and the pro- 
vision of larger numbers of them it has 
been more successful than any of the 
other laboratories in preserving stable 
values of the units. 

With the establishment of such an 
international system of units on a 
basis presumed to be permanent this 
problem seemed to be settled; and other 


needs of more immediate urgency dis- 


placed further work o1 
units for many years 
already known that the * 
electrical units were not so ¢los 
true or ‘‘absolute’’ units as 
nally supposed ; 
modern physics ahic ChHeTILIST 
continually closer coordinat 
cal and ne ‘| anical phenome) 
necessity for using corre 
when the two were compared 
to cause contusion in 
thermore, increasing cif 
found between the units use 
countries. while makers and 
precision apparatus were cont 
calling for greater and greater 
It became evident, therefore 
fundamental basis of electrical 1 
ments must be reconsidered 

In the meantime, by an amend 


the treatv under which the Intern 


Committee and the International B 


of Weights and Measures operat 
organizations were 
over electrical 
Committee on Klectricity Was [01 


1928, including the Bureau of St 
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national laboratories of Franee, 
Germany, Great Britain, Japan and the 
S. S. R. (Russia This committee 
ided unanimously that the electrical 
ts should be revised as soon as new 
rminations of their absolute values 
iid be made with sufficient certainty 
s that time the precise establisl 
f the ohm and ampere by absolute 
surements has been one of the major 
search projects of the Bureau 
A determination of each unit by two 
rent methods was planne d One de 
nination of each unit is now nearly 
upleted Other laboratories are also 
ing such measurements, and it Is 
ed to reach at least a preliminary in 
national agreement at a meeting to be 
d in 1935. If possible, the new units 
then be put into use in 1937. 
lhe principle applied in the absolute 
isurement of current is simple. Two 
illel wires carrying current attract 
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PIEZO-OSCILLATOR DEVELOPED BY 
BUREAU) OF STANDARDS AS 
SEMI-PORTABLE STANDARD 


OF FREQUENCY 


LOO.O00 « YCLES 


\ QUARTZ PLATE OSCILLATING A’ 


SECOND IS MAINTAINED AT CONSTANT TEM 


PERATURE AND BAROMETRIC PRESSURE. A TRIPLI 


TEMPERATURE CONTROL IS USED ABOUT THE NEST 


OF ENCLOSURES SHOWN OPEN IN THE PHOTO 
GRAPH, THE FREQUENCY OF THE OSCILLATOR IS 
rHUS KEPT CONSTANT TO BETTER THAN A PAR‘ 


IN A MILLION, 











ELECTRICAL INSTRUMENTS TESTED 


BY THE BUREAU OF STANDARDS 
A TYPICAL COLLECTION OF INSTRUMENTS SUB 
MITTED FOR DETERMINATION OF THE ACCURA( 
OF THEIR CALIBRATIONS, IN THE BACKGROUND 


IS THE SWITCHBOARD {ROUGH WHICH THE IN 


STRUMENT LABORATORY IS SUPPLIED WITH CUR 


RENTS OF DIFFERENT VOLTAGE, FREQUENCY 


WAVE-FORM. 
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avoided by using two fixed coils 
which the weighed coil is hune 
way that only the relative s 
three be 


Their relative dimensions are d 


coils need known 
by a separate series of measur 


the maenetic fields produced 


coils, but these measurements 
delicate that they can be 1 
when there are no magneti 
ances. It has been possibl 
them only by working after 


ears had stopped at night, and 1 
on nights when the earth’s mag 
was comparatively constant 
The difficulties cited are 
the many which require cont 
One by 
difficulties are overcome, but ° 
to the necess 


onh 


lanee in such work 


required attain 
tainty in the final result 
The 


ix the absolute value of the oln 


method which has bee: 


of several steps. First a sing 
wire with very uniform spacing is 
on a form which has been grow 
as perfect a eylinder as is pr 

Then the 


thus produced are measured 


exact dimensions of 
them the inductance of the coil is 
lated in The 1 
inductance thus found are carn 


absolute units 


into units of resistance throug! 
ments of a condenser, which is } 
first with the 
with standard 


inductance coil 
resistance coils 
work thus summarized in a bri 
graph has required several years 
special apparatus has had to be « 
at every step and new formulas | 
to be developed for the ealeulations 
While this experimental work 
fundamental units has been in pr 
improvements have also been n 
the practical standards which s 
the that is, res 
coils and standard eells. A new 
standard resistor has been devised 


maintain units, 


has shown variations less than on 
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to be expected with the best pre 
Three 
three trips to the 


standards. 
European na 
laboratories during the 
and none of them has apparently 
d more than two parts in a mi 
This type of coil therefore pro 
a highly dependable m« 
sferring values from one standardi: 
aboratory to another and for check 
the instruments used in practica 
measurements. 
In parallel with these laboratory d 


npments the Bureau has earried on 


negotiations with the corresponding au 
thorities abroad, and has developed In 


ilvance a plan for prompt establisl 
ment and dissemination of the new units 
is soon as the determinations now in 


progress here and abroad are completed 
for 
comparisons of standards through 


Provision has also been made peri 
International Bureau of Weights and 
\J “usures, SO that differences between the 
nits of different countries be «dk 
d and Incidentally this 


W of course, give double assurance of 


will 


remedied 
the accuracy of our own standards 


ELECTRICAL S’ 
PRACTICAL 


ANDARDS 
UsE 


lhe establishment and maintenance of 


FOR 


rrect fundamental standards would be 

ttle use without some provision for 
practical 
ments the units which they preserve ; th: 


rrying over into measure 


rovision of practical working standards 


s therefore a second essential function 


; 


he Bureau of Standards. Every elee 


il measuring instrument made in this 


ntry is calibrated by reference to 
standards certified by the Bureau; prac 
ally every meter by which electricity 
sold in home or factory is not only 
is calibrated originally by the maker, 
is also retested periodically by the 
er company or the public service 
mission, both of which come back to 
Bureau for their 


electric lamps of 


certification of 


rence 


standards: 








OF STANDARDS IN fF 


such coils have 


past five 


“ans tor 





ILECTRICTTY + 


standard quality j vo throug! 
ess OT Inspectiol 
with instruments pt in clos 
with the Bureau's st 
portant research and testing labo 
hn this country dene supon 1 > 
tor verification f its 
ards 

The starting r all ft 
surements is the standard 
coil of one ohm resist b 
olten many steps belo the tinal 1! 
is reached. Precise resistat stan 








\N INSTRUMENT 


POR 


rOO LARGI 
LABORATORY 


lor eXample, must cover the range Tf! 


one thousandth of an ohm up to 100,000 


sured accu 


potentials must be mea 


from millivolts hundreds 

sands of volts and at least estimated i! 
ther out in the seale in microvolts 
millions; measurements must 

with alternating currents as wi s d 








H10) 


ry , 
4 


rect; inductance, capacitance 


effects arising from changing values of 
The de- 


for 


current must be measured. 
ot 


measurements 


the 
velopment suitable 
all these of 
commercial problem, but besides furnish 


instruments 
iS, course, a 
ing the basic standards the Bureau is ex 
be 


recelves, 


pected to able to verify the final 


It 


variety of instruments for test; t 


therefore. a vreatl 
he 


this work arises from variety 


| 
results 


nitude of 


rather than number of instruments be 
Bureau does not test electrical 


The 


reference 


“nuse the 
wholesale basis 


to 


instruments on a 


work largely limited 


Is 
standards, instruments of special impor 
those involving difficulties or 


that 


tance, or 


controversies such calibrations by 


manufacturers or by other laboratories 
are not sufficient However, even the 
tests of basic standards have grown to 


Of standard cells 
alone more than 500 have recently been 
certified 
This practically equals the whole 


considerable numbers. 


tested and in a single year. 

num- 

ber handled in the first ten years of the 

Bureau’s existence. 

Continuous development. of methods 
apparatus to 


abreast of the expanding limits on the 


and Is necessary 


keep 


ee 











LIFE 


TESTS OF ELECTRIC LAMPS 


ON THE RACKS SHOWN LAMPS ARE BURNED TO 
DETERMINE WHETHER THEY GIVE THE LIFE AND 
HE EFFICIENCY REQUIRED BY THE SPECIFICA 
TIONS NDER WHICH THEY ARE PURCHASED BY 
THE GOVERNMENT. From 3,000 To 4,000 sam 
PLI LAMPS ARI THUS BURNED EACH YEAR; 
THESE SAMPLES ARE SELECTED FROM PUR(¢ ASES 
OF TWO TO THREE MILLION LAMPS. 
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ol 
electricity 
at PO.000 


use lectricity in industr 


is transported and 
volts, 


tS accurate 


ment requires methods quite d 


from those used at low voltages 


lo assure 


nary power supply 


racy OF its measurements at hig! 
is developing tw 


Bureau 


the 


dent methods of getting the resu 
to 
build 


combinations 


from ordin: 
the 


standard trans 


first start 
TO 


ot 


Is ir 


and high ones 


up 


whose characteristics are carefu 

ied and whose ¢ircuits are desig 

avoid errors due to electrical in 

between parts of the circuit ai 

rounding walls or other objects 
} 


method is to go back 

mental principles and actually 
the betwe 
charged up To the voltage 
An absolute elec 


second 


foree ot attraction 
whiel 


measured 


been built for this purpos Mi 
ments with it are limited at pr 
150.000 volts by the dimensions 


laboratory. but the electrometer 


capable of measuring up to 350,00 


when sufficient space around 
pro ded 


In tl 


currents 


measurement of lal 


also, it has been necess 


clevise instruments in 01 


special 





tromet 


{ 


avoid errors arising trom the larg 


Ing effects and the 


caused by such currents 


strong magnet 


ry > 
1e ril 


now prepared to calibrate insti 
up to 1000 amperes on direct 
and to 12.000 amperes alternating 


DEVELOPMENT OF SPECIAI 


[INSTRU MENTS 


Whik development of standards 


special instruments is carried 0 


marily to meet the Bureau’s own } 
Ti 


by-produet 
for othe 


very important 1S 
provement of 


For 


and 


apparatus 


example, various 


poses. 


resistance inductance coils 


nometers, potentiometers, trans! 


testing sets and magnetic testing 
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BI 





vised at the Bureau ir widely 
d further improvements in such 
ng apparatus are continually 

lable through cooperation wit] 
turers of instruments 


spectacular achievements may 


many cases Where the exper 


the Bureau’s staff has been ap 
fields outside its own regular 
For example, electrica nstru 
signed and built at the bureau 


rd the movements of heavy guns 


deformation of gun turrets hav 
a The basis ror pres nt a sigh Oo 


} 


Electrica vrauves ci 
d by the Bureau serve to record 
ins in bridge members under live 
mine hoisting ropes, in stays and 
ral members of airplanes and air 


' 


s in flight and in the interior of 
ssive concrete dams. The ships of the 
rnational Iee Patrol measure the 

of the sea with electrical instru 


designed and made at the Bureau 


4 


Standards Studies of electromag 


nstruments at the Bureau have 
ed the best available seismometers 
cording distant earthquakes, as 
s the only instrument capable of 
a time record of the disturbances 
Three of 


se were located in Long Beach and 


se to an earthquake center 


\ngeles, and the records which t} \ 
the quake of March 10, 1933, pro 
basis hitherto lacking for the d 


buildings in such regions 


PROPERTIES OF MATERIALS 
electrical industry is particularly 
rned with materials of three kinds: 
i¢tors, insulators and magnetic ma 
s. Practically the only conductors 
in large quantities are copper and 
num. The Bureau has made ex 
ve investigations of the properties 
se materials, and has issued various 
ations of data on them For cop 
s commercially supplied a standard 
of conductivity based largely upon 


, ' 
falls results was adopted some 
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USE OF THE EARTH-CURRENT METER 
] S INS D OPED BY TH B A 
OF STA rA Ss \ S S ITH } ICA 
RESIS OF SO oO} ELECTRICAI 

FLO ( I EA H, AS, FOR EXAMI FRO) 
\ PIPI ( O DAMA BY ( OLYSIS 
HM XCAVATIO AROUND THE PIPE IS NOT NECES 
SARY, SIN rH N ASSURING ELECTRODE CAN BI 

INSER » INTO A DRIVEN HOLE AS SHOW) 


The 
materials 
directed 


Bure iu ’s researches on 
therefore 
the 


for determin- 


working. 


these have been 


largely toward establish- 


ment of reliable methods 
the 


given sample of material. 


ing magnetie characteristics of a 
Through ¢o- 
operation with the American Society for 
Testing Materials various standard meth- 
ods have been established and in this ease 
also tests are made by the Bureau on re- 
quest as checks on measurements made 
laboratories. 

the beha- 


vior of iron or steel sometimes gives im- 


in commercial 
Measurements of magnetic 


portant information about its mechan- 


ical properties. For example, forgings 
may thus be rapidly inspected for uni- 
formity and freedom from flaws, but the 
relations between magnetic and mechan- 


The Bu- 
reau has carried on a large part of the 


ical properties are not simple. 


scientific work done to establish the ap- 
pliecability of magnetic testing methods 
for such purposes. 

Electrical 
even 


materials 
uncertain in 


insulating are 


more diverse and 


character than magnetic materials. 


and even 


They include solids, liquids 
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vases ; and the properties desi 
largely on the place and the p 
the 
Bureau’s 


which insulator is inte) 


work on insulators 


research directed toward fi 


why the materials behave 
since this is the first step tow 
them better. This researe] 


CONSISTS chiefly ot a study ( 


rubber compounds and of 
liquid insulators 

On electric lamps and. batt 
Bureau regularly makes com) 
tests, primarily to assure 
materials supplied on Gover 
chases. These tests include 


cleney or output of the devices 


life. They serve not ¢ nly 1 
the acceptability of materials ; 
but also to give informatio 


periodic revisions ol the ty 


| 
ese iteMis 
1e3 ] ] 


specifications for 


] 


dentally also they have an imp 


fluence in promoting competit 


tween makers on the basis of 7 
and real value of the product : 
ENGINEERING RESEARCH AND .\ : 

CATIONS ' 

In three distinct fields the B . 
Standards has earried on a cons 
amount of electrical work 
neering type of which only tl! - 
mention ean be made here 5 
reau’s study of electrolysis | . 
electric currents in the eart 
sulted in improved methods and : 
ments for making electrolysis 
and its publications  constit 
standard reference books on this s D 
but, as a contribution even mort e 
tant economically, it established thi ty 
ciple of settling such complex te 
problems by ¢ operative scientifi 
engineering research rather 1 
legal arguments in the courts. © 
these studies also grew expern 
tests of the corrosion of pipe mate! ia 
typical soils in all parts of the e 
methods of predicting where cor! | 










































BUREAU OF 





‘serious, and tests of protective 
s to reduce the loss due to corro 
Qn account of the rapid growth in 
pe lines in recent years this gen 
‘blem of corrosion in soils has 


letely the specia case 


idowed comp 
tr lysis. 
phone service is an exceedingly 
int item in a business as large as 
Kederal Government: in recent 


Important problems ot tele 
service in all departments have 
eferred to the Bureau of Stand 

s tor advice It nas been necessary 


v to decide how to furnish service 


onomically and effectively in 
ds of new public — buildings 
ehout the country, but also t 
se special equipment for hospitals 
sons and other institutions. The net 
t has been that the telephone eng! 
¢ group of the Bureau has spent 
ts time on these government prob 
s, but the amounts directly saved to 
Government thereby have been many 
mes the cost of this service 
The third type of engineering activity 
s the development of codes of practise 
industry, especially those affecting 
ty of persons. The Bureau took a 
ling part in organizing this work on 
tional seale under the procedure of 
American Standards Association; 
s gives the authority and responsibil- 
for all decisions on technical ques 
ns to committees representing all 
vanized interests concerned in the 
The outstanding example of the 
Bureau’s work in this field is the Na 
il Electrical Safety Code, a very 
plete set of rules to be observed in 
generation, distribution and use of 
‘trie power, in order to make the ser 
as Tree as possible from hazards t 


ns 


Rapio MEASUREMENTS AND 
STANDARDS 

‘adio communication is simply an ap 

ition of oscillating electric currents 

electric fields, but their rapid oseil 





STANDARDS 





IN 


ition introduces . 
surement yhiel \ } ? 
more difficult s jiu 
ised has beer Pus | ! 
inics. Newton's Ss see] 
ind exact S ! > ! | 
velocities of n é \ ie, bu 
newer physics the : rT 
moving with mu ( r speeds 
riven rise To ! \ nd n ¢ , 
ited SC1e] ‘ rn ’ ~ ssi} 
radio has s \ T qu Nn 
ment in wl Ss neglgib 
iryv electi | measurements b 
most important factors 
A lare part ( > 
radio has been intended to sup} 
new industry the necessary methods 
measurement and intormatio 
behavior of devices and materials in rap 
diy alternating electric fields. Methods 








RECORDERS DESIGNED BY BUREAU | 
STANDARDS TO MEASURE THI 
INTENSITY OF RECEIVED 
RADIO WAVES 
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CHARACTERISTICS OF IONIZED LAY 


ERS OF UPPER ATMOSPHERE 
DETERMINED BY RADIO 
MEASUREMENTS 
REFLECTED EARTH 
AN Al 


BUREAU OF 


RADIO SIGNALS ARI BACK TO 


BY THESE IONIZED LAYERS. rOMATIC AP 


PARATUS DEVELOPED BY THI STAND 


ARDS RECORDS THE LAYER HEIGHT AS A FUNCTION 


THREE DISTINCT LAYERS ARI 


rHE E, F, ano F 


OF FREQUENCY. 


ILLUSTRATED, CALLED LAYERS. 


FROM THE CRITICAL FREQUENCIES, fg AND fp , AT 


WHICH A CHANGE IS SHOWN FROM ONE LAYER TO 
IS CALCULATED. 


ANOTHER, THE IONIZATION 


and instruments have been developed 


for measuring radio currents and resis- 
and 
Condensers 


tances, signal strength power lost 


in insulators. and coils 
adapted to radio frequencies have been 
designed. Properties of electron tubes, 
insulat- 

How- 
increasing demands for the 
different services, the 


most pressing problem has become that 


antennas of various forms and 
ine materials have been studied. 
ever, with 
use of radio in 
of accurate measurement of frequencies, 
because the effective use of the available 


radio spectrum depends upon precise 


control of the frequeney used by each 
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msequent \ The 


station. C 


work on radio measurement 


largely concentrated on the 
and maintenance of exact st 
frequency 


In 


CISION Las 


recent vears most ren 


been attained in s 
ards by using oscillating p 


tal quartz In this materia 


pressures and electric fields 


lated 
that the plates can be set int 


through the 


plezi ele 


by alternating fields and i 


natural frequency of vib 


plate can be made to contr 


Man) 


ina suitable eireuit. 


have contributed to the deve 
devices using this principle. B 
full use of the work of others 
ing refinements, the Burea 
and operates continuousl) 


standards which supply 


quencies accurate to a Tew 
100.000.000 


four 


To attain this 
plez -OSC 
double 1 


chamber and each supplied w 


independent 
used, each in a 
drive which is most careful \ 
Eaeh 
mately to 100.000 cevcles per se 


oscillator is adjuste 


tinuous records are made of 


arising from differences in freq 
the | 


four oscillators and the ae 


quencies are determined by “Onn 


with corrected standard time 


over a considerable period. Freq 


higher and lower than that 


mary standard, and of practical 


accuracy, are furnished cont 


using multiples and submult 
that frequency. 

In order to 
standards 
to 


testing demanded of it, 


make its own 


widely useful, wl 


limits tl 


the B 


gan ten years ago to transmit s 


down reasonable 


specified standard 
signals are now sent 
frequency ol 


md. A 


tervals on a 


5,000,000 eveles 


per Sect 


frequencies 


out at reg 
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insmitter installed in April, praect py tions 
S expected T¢ make This service 1 nN } ') T s1 =f 
usable throughout the United 2 to operate S sn 
‘ Incidentally, It WI “iso make > 
. IADIO) 1) \ \ 
direct comparisons with Eure 
W hile B . R 
iboratories, Which are important 
} , , } } < 
unt of the world-w e etfects > l 
bon . a s ~ 
ransLisslols 
~ (itl { 


PROPAGATION OI Rapio WAVES a ment ‘ Oo. 


proper distribution . S 
im among different services re¢ \ \la > 
sa knowledge of the distance rane f Standa 
ible and the aepr ndab It\ I it sets Tol es f > 
smission with different frequeneles broadeastine 1 , — ' 
mena of transmission so atte partme) A 
such services as rad compasses ela hy deasti eatahlic 
radl beacons A second = lare elped in the deve mel as 
n of the Burea 1S work 1s ther receiving then 
he study of behavior of waves be models f a thea «a ' —" 
transmitter and receiver T rad di 
sults of this work have been of thi further develope \ 
st value in the all ! rf W hthouse Ser Ar \ re 
‘ies and the spacing of stations vice and fi v the eal 1) 
in this country and throughout the partment f ¢ mImMeriee | 
mis Use « S 
It is well known that | he listal 1 a pliot yhet ‘ “ , 
is possible only because the upper ‘course by sig . 


n of the atmosphere is ionized nary radio set 
therefore constitutes an electrica When the A { 1 
ductor (Kennelly-Heaviside layer Department of Commerce was 
h refracts or reflects waves back 1 
earth In recent vears, however 
been discovered that the conducting 
rs are manifold and complex and are 
tinually changing, so that waves 
us frequencies are reflected quite 
rently at different times. The Bu 
of Standards takes a leading part - 
i systematic study of these effects 


. . 1 TRY 4 | I \( N S| 1) 
‘+h is being earried on throughout the AIRWAY RADIO BEACO \ ( 


USING TL (TRANSMISSION 
d through the International Scien 


Radio Union. Instruments hav MEN) A ie 
devised which make continuous rec “x 8 
of the heights of the conducting 
rs which are effective in reflecting a na ae ; 


es of various frequencies and of the 
itions in strength of the signals re ‘ \ 
ed from distant stations Besides 


use in the fundamental studies 4) 4 sO Oo 


instruments find many immediat: PART 01 
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SKETCH OF BUREAU OF STANDARDS SYSTEM OF RADIO AIDS FOR BI 


LANDING OF 


* AIRPLANES 


AFTER BEING GUIDED TO THE VICINITY OF THE LANDING FIELD BY THE RADIO BEACON A, 


RECEIVES LATERAL GUIDANCE ALONG THE LANDING RUNWAY BY A RUNWAY BEACON B 
CAL GUIDANCE BY THE LANDING BEAM PRODUCED BY A TRANSMITTER C, HE RECEIVES F 
TION OF LOCATION LONGITUDINALLY WHILE LANDING BY SIGNALS FROM MARKER BEACONS [) 


SYSTEM IS INSTALLED AT T 


lished, the Bureau of Standards was 


Ht 


NEWARK, N. J., AIRPORT. 


ried to a practical stage is a 


designated by law to carry on research system for blind landing of M 
for it, and in this connection has devel- Equipment of this type was insta 

oped many improvements in the diree- the Newark (N. J.) Municipal A 

tive radio beacon. These include instru- early this year. The practicabilit 

ments to give the pilot a visual indication the system has been demonstrat 

of his position instead of the signals for- numerous landings in a hooded 

merly received only by ear, combined and also under fog conditions w! 

transmitters to keep up simultaneously terrupted all scheduled flying 

telephone communication with the same wide-spread area, including the N 

receiving set which serves for the beacon Airport. The tests ineluded 

signals, a shielding system to prevent the pletely blind flight in dense fog 

engine ignition from interfering with College Park, Maryland, to Newa1 S. ( 


radio reception, methods of adjusting 
the several courses of one beacon so as 
to serve airways converging at various 
angles, and special transmitting anten- 
nas which greatly reduce the errors in 
course indications previously experi- 


enced at night. 
The development most recently ecar- 








port during which the ground w 
tirely hidden until the plane was 
about 2,000 feet of Newark Airport 


¢ 


altitude of somewhat over 100 feet 


brief deseription of this System 01 
aids which makes such flights p 


was published in the Scie 


MontTuuy for July, 1933, p. 94 

















HOHOKAM: A CHAPTER IN THE HISTORY 
OF RED-ON-BUFF CULTURE OF ARIZONA 


By CARL TRISCHKA 


om ( ORP« 


Ss D 1 interes | ! \ 
number of irs, dIs vered 
sites in 1929, and since then 5 
many things of interest, all of 
I] be deseribe | n his rt 
I s do 1 orea d ll Ol dige noe ! 
rthed really worth-while finds 
m belongs the credit of discov 
riter beean nterestec in 1! 


communities 1n 


4a copied the designs ol ti 
made tl sketches f the 
ths and has tried to digest the ew 


pinions of archeologists regarding 


Hohokam with the idea of applying 
Red-on-Buff 


to the campsites 


GISCuUuSSION 
Many of the 


ideas advanced in this 


per are based on observations and 
tions of Mh) Mardon 


er and were formed fro videne 


and tl 


on the ground. Much work sti 
done and this will eon 
is time is for it We ar 
ebted to the well-known 
Byron Cummings, of the 
Museum at the Univer 
of Arizona at Tueson. and Dr. H 

S. Gladwin, of Gila Pueblo near Gl] be, 


information, helpful sue 


found 


\rizona, for 
and 
rk. Mr. Wm 


mission TO 


stions encouragement in the 
kindly gave 


stevensol 
excavate the Campsites 
ch are on his ranch. 
The Gila Basin of 
, Is the 
rricultural 


Arizona, whieh 


location of many peaceful 
and the 


operat ions, 


settlements 


scene 


industrious mining was 


one time the stage of romantie Span 
adventures and eruesome 


massacres 


! ) 
} rit x | 
} ‘ . ‘ ‘ . +] P 
! YO OOD On) 
t ? ] 
med these p 
sted b 
| The rn Ty .s . ry 
such an animal in near-by N Mey 
nd the finding of « 
} nts ? } 
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Llvel i Ss S 
raised eori YD 
rm was si ( 
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product Tron 
Americans rais 
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LOCATION Of FeDp-ow-Bult 


Crmfsires nese Bisbee, Ar 





Mexico 
FIG. 1 














CONTAINED 


‘HARRED SUNFLOWI 
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ARIZONA 





ted south, eventual y, perhaps vaneed stat 
ne one ot many tribes that were as did our at die 
Mexico when Cortez came to wit] rome, Gres ind Eevpt \\ 
ca Some ot them, however, re did they deevenerat \\ 
and the Papago and Pima h came of then 
s of Arizona may be their descen In Arizona ther 
H cam or ‘‘Ancient Ones,’’ and the ologists wl ; ae 
‘*Hohokam’’ has been recent \ the now popular puz: 
them by archeologists 
most characteristic artifact is 





pottery, whiel they developed 
ih four or five stages from very 
unslipped material to well-slipped 
decorated and polished work. It 
seems strange that their product later 
ed back again through decadence 
poorer quality. Throughout this 





opment, the background of the 





rated potters was buff and the 
ting on it red, hence the name 


l-on-Buff.’’ Ee " | 


‘ 
These people had neighbors of vari 





I 





; 


Is kinds. some ot whe hh ho doubt 





ind these peaceable agriculturists 
sy victims. To the north lived the 
Puebloans, who built cliff dwellings and 
or more storied pueblos, in which 
ladies reigned supreme. To the east 
the Mimbres people, whose blaeck- 
white pottery is very attractive and 


+ 


acted as a barrier against the war 


plains tribes. To the south were 














rious Mexican cultures, about which 
little is known, and to the west 

re the Yumas, who in their early dé 

pment were more warlike than later 

While these people and most of their 
eighbors were sedentary, architectur 
lly inelined, and tilled the land, the 


cestors ot many ot us were wild un 


(jue red hordes of rather low order of 


telligence who built the great stone 





numents of Eneland and formed the 








Middens on the Danish and Scandina 
in coasts. The Hohokam ceulture. 1 RED-ON-BUFF PO Vl 
ugh neolithie, was a remarkable one I OMBS, AND 


i one wonders what would have been STO 
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4(a). HEARTH, TYPE 1 


KELETON ON ROCKS. ACCIDENTAL BURIAL VAULT 























FIG. 4 (b). CLOSE-UP OF SKELETON 


SHOWING CUPPED HANDS AND DRAWN-UP LEGS. 

















RED-ON-BU 








the 






Southwest. They are at Ari 
State Museum at the University of 
Pueblo, near 
Arizona Mu 


It is a problem that 


Arizona, Tueson; the Gila 
Globe. and the Northern 
at Flagstaff. 









nly takes the best of talent but de 
mands patient and continued interest 
Arizona is fortunate in having these 
ible people to work on its ancient his 
ry, and they are making excellent 
progress. 





The pictures shown here are of things 
made by the Red-on-Buff people in an 
area eighteen miles long and four miles 
vide. They came to this country per 
haps empty-handed as far as artifacts 
concerned, but ideas 
things and some knowledge of the arts 







with about 






They had corn, squash, sunflower and 
other seeds, but found in the country 







many native fruits, such as mesquite 
beans, pimons and acorns. Of game 
there probably was plenty, and a living 





was gotten comparatively easily. They 
had no metal, but out of and with rock 





they fashioned everything they needed. 





Imagine vourself put to the necessity of 





doing this! 

These people were sedentary and soon 
wherever there 
for 





established themselves 


was water for irrigating, good soil 





farming, clay for pottery and rocks fit 





for their uses. There were many such 


sites in the Southwest. 





They were soon 
settled and content, and it be 
agined that they were superstitious and 





ean im 





on this account sometimes would change 
They had 


no horses, sheep or other domestie ani- 





their location on short notice. 






mals, except perhaps dogs and turkeys. 
Before they made pottery, they made 
out of various of rock. 
They were truly a Stone Age people. 
Every Red-on-Buff_ site represents a 
hapter in the history of the story of 
their development after a 
great deal of work (actual digging) and 
research among of previous 
finds, as well as a close study of pottery 
nd the remains left in the camps, is it 
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FIG. 6. THE 
UTSIDE OF THE WALLS 


AY OR ADOBE AND THAT 


H 


IT 


CH WAS OF AN OLLA-I 


An abundance of broken = arrow- 
heads, as well as chipped or flaked 
pieces of rock in a definite locality, leads 
one to believe that this is a place where 
these objects were formed. The same is 
true of pottery and carved stone bowls 
and gouged pots. It is probably going 
too far to suggest that there was a Main 
Street with its various business sections, 


EARTH 


WALLS 


WAS FOUND THAT 


rHIS CLAY 


HAD BEEN 


IKE SHAPE, HAD BEEN 


as we find in the large 
day, but if the 


segregation Oo! 


modern et 


artifacts in definite places can be 


as eriteria, 


far-fetched. 


The 


calMps 


this 


and the 


comparison 1s 


thines 


there, about to be deseribed, are 


on the eastern slope of the Mul 


tains, 


( ‘ochise 


County, 


Arizo1 


rn 
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l, and only 


which came 
neighbors to the east 
small fragments 
pottery have 
ling with their neighbors must 


or conquest, since sea 
as well as different kinds of 


other than that of their 
llacture are tou 


own 


campsites. 
eir pottery is } 
if it is dish-like 


is bowl or olla-like, and in 


‘ase it is often beautifully polished 

e inside to a smooth, black. Satin 

after having been = smudged 

bowls are painted both outside 
It seems likely that the painted — especi: 

was their great pride and was used _ tha 

show purposes and for 
: 


al times or for stor 


food 


age 
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show two sets of cremation bowls with There are met 
the contents undisturbed. The oll eround or gouge 
largest size were most commonly long and narrow 
heavy unslipped pottery and unpainted. combs, stone nose, ear and 
Practically all the ollas were rounded at arrow-heads of rhyolite, 
the bottom and were probably sus- and greenstone, 
pended or partially buried, as they — slabs and pots, both goug 
could not stand alone, while others had chipping or mano stones, | 
the Gila shoulder bottom which has } earved Gila monster, picks | 
semi-rounded bottom and stands - turquoise and = stone be 
out support in a tilted position. stones for metates and for 
Pottery markers, circular in shape tery, boring stones for ma 
and an inch or more in diameter, are various beads, hammer 
common, indicating the possibility that axes and stones that have 
they played games. A handful of for purposes unknown (Fig 
evenly matched almost round stones The metates are generally 
suggests marbles. In common with and beside the small groov 
other primitive people they no doubt round cup-shaped depressi 
played many games. ing that they not only 
The second thing which is noticeable rubbing but by using a 
is the abundance of work these people vertically and rotating 
must have done besides the making of axis. 


pottery, for there are rocks of all kinds Of the stone implements, 


and shapes which have been chipped, Fig. 3) are of greatest interest 
ground, whetted, flaked, bored or worn’ they are not found elsewhere 
to a flat or curved surface. cause of the problem as to tl 











FIG. 9. BOTTOM OF A HEARTH 
AFTER REMOVAL OF WALL TO SHOW THE SEVEN 18” TO 2’ 0” DEEP OUTER HOLES AND THI 
2’ 0” DEEP CENTER HOLE. NOTE: OUTER HOLES SLANT OUTWARD FROM CENTER AT ANGLE OF 
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FIG. 10. FLOOR OF DWELLING 


SHOWING SHOULDER ON 


may have been used in combing 


» hair of humans, but they would have 


of considerable use in combing thi 
from cotton which they probably 
into elothine, for cotton grows 
in Arizona. The combs are ol 
shaley sandstone, which could be 
ed easily to a thin, wide shape and 
smoothed into shape, or of a fine 
grained, greenish colored sandstone or 
lartzite, which was formed into its 
shape with other rocks. In both kinds, 
the teeth were cut into the edge by 
ising narrow, sharp-edged, harder 
rocks, as we use a file, and in all of them 
handles were shaped by chipping and 
grinding. They seem rather crude to 
us, but considering the material they 
had to make them out of and with, they 
did a very creditable piece of work. 
The knives (Fig. 3) are of the same 
red, shaley sandstone and thinner than 


+ 


he combs. They were used for cutting 


in skinning animals, preparing 


hides for tanning and many other pur- 
poses. Similar flat rocks without 
handles were used for seraping. The 
axes were used mostly for smashing and 
breaking purposes either on wood or 


TONE WAI 


stone, but on 
beautifully syvmimet! 
Red-on-Bulf ax 
ceremonial purp 
size of one 
19} pounds, 
about them 

Bits of bright 
cer) stals, unusua 
fossils are found 
ber and lead to the 
earried to camp 
out of curiosity or 
the case of the quartz erysta 
ticed that all the points ; 
indicating that they had | 
boring and carving 

Beads of turqui 
having small hol 
and somewhat ble: 
been found 
came from the 
miles north of the campsites ; 
Arizona. A small pendant of turquol 
representing a frog had a hole bored i 
its head and was probably worn 
charm. 

There are well-shaped, smoothly 


ished ear, nose and finger rings, 
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FIG. 


SHOWIN 


of a greenish shaley rock. The ear and 
nose rings were left with an opening, so 
that they could be worn without piere- 
ing the nose or ears. 

The stone pots (Fig. 3) are smaller 
than those of pottery and were made 
either of sandstone or the softer more 
easily worked solidified lava mud from 
the southern foothills of the Chiricahua 
Mountains to the southeast. The latter 
are called gouged pots and were mostls 
shallow and very likely held paint 
which was used to decorate humans and 
pottery. They would be convenient also 
for lamps, the grinding of spices and 
for holding the fine clays used as slip 
on the pottery and many other pur- 
poses. From the illustrations (Fig. 3 
it will be seen that they made most of 
these stone pots symmetrical in shape. 

A stone pot, which shows their love 
for the unusual as well as their artistic 
ability, represents a lizard, Gila mon- 
ster or some other kind of reptile and in 
its back is a depression similar to that 
found in their gouged pots (Fig. 3 
The gouged pots were made by driving 
three or four slanting holes toward a 


HEARTH 


s;OTTOM 


common center and prying out 
leaving the desired depressi 
was finally formed by chipp 
rubbine down the roueh surt 
since the solidified lava mud 
soft, this was done easily 
rocks. A prayer ring and var 
ders were made of a pumice 
Prayer rings were used in 
the water spirit of the earth 
Many of the manos, chipping 
and grinding rocks were made 
erained — silicified sandstone, 
schist, quartz, rhyolite, vesicu 
rock were used for metates, or 
stones, and had to be earried int 
camps, since it is not found 
Manos and broken or well-worn 1 
are very common. The well-used 
are rounded, but they are sharply 
lar when first made. 


The arrow-heads show ver 


manship, and many of their arro\ 


r rt 


like borers are really works of ar 
rows were made by chipping or 


with other harder rocks. Arrow 


are not plentiful in the camps, but 


of all sorts with various kinds of 


' 
; 
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campsites are 
Mardon first 


development, i ite of their and contente 


| ] 


the stone age, as is manifest by and findine 


lhe 
unber of conveniences emploved ot 1930. he 


ngenuity is admirable, and they adobe projecti 


] 


ppy, contented and useful lives on digging 




















SKELETON IN TYPE 7 HEARTH 
ETON IT WOULD APPEAR THAT THI OD 


COVERED WIT 
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SECTIONS AND PLANS OF RED-ON-BUFF HEARTHS 
IN CIRCULAR PIT HOUSES 


appeared to be the grand-daddy of all 
ollas; but digging inside of it, there was 
disclosed a human female skeleton as 
shown in Fig. 4, Type No. 1. No, it was 
not an olla but a burial vault. That 
seemed certain; and then after the 
skeleton was removed, the hearth, Type 
No. 1, was disclosed, but even then it 
was not recognized for what it was, be- 
cause the stones of the dwelling wall 
had been washed away (see Figs. 4 
and 5 

In uncovering the hearth, Type No. 2 
Fie. 7), a segment of the stone wall 
was noticed, although it was originally 
found by the aid of the slightly project- 
ing baked adobe of the hearth. No 
skeleton was found, but it had the 
eighteen to twenty-inch layer of stones 
on the hearth as did the first one and 
the three to four inehes of baked adobe 
mud as walls. 

The cireular arrangement of stones 


had been noted in the camps 
page 423), but was considered 
the remains of ancient tanques 
terns for catching and stor 
Digging in the center of these 
stones disclosed the remaining 
shown herewith. All the hearths 


the center of what were at one ti 


1 


cular stone dwellings, whic! 
twenty to thirty feet in diamet 
they extended three to five fi 
the level of the floor of the dwe! 

Only one other skeleton, the 
which is shown, was found 
hearths, and thus far seven disti 
terns of hearth bottoms hav 
found. Photos and sketches 
are given herewith (Figs. 4-13 
sive). 

All of them are smaller at 
three feet to four feet across at 
at the bottom and olla-rim shaped 
top. They suggest a large bur 
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rs 
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RED-ON-BUFF CULTURE OF ARIZONA 


ino the hearth, a hole was dug 
the shape of the hearth, and 

walls were plastered wit! 
id. The lining 1s three to four 
thick and baked by the fires 


re subsequently built in then 


























r 14. SHALLOW HEARTHS OR FIREPLACES 


U ppe Yr, AS FOUND: j er, A } CA\ 
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shallow and lacked the small pits in thet 
bottom. Another sign of antiquity is 
the fact that but very little pottery was 


found in the hearths and most of it was 


undeeorated 


dwellings were built 
» to four feet high and there 
Was an opening or entrance on one side. 
The floor is four to six inehes higher 
around the edge of the hearth than 
points at which the outer shelf begins, 
and the outer walls were built on this 
shelf. The shelf is two feet higher than 
the edge of the hearth and on the level 
of the general country. The houses 
were so-called pit houses and because of 
the hearth are given the name of ‘‘Cir- 
cular Pit-Hearth Houses.’’ 

All the hearths contained ashes or 
chareoal and evidence of having con- 
tained numerous fires, but not neces- 
sarily large individual fires. There were 
also about eighteen inches of rocks on 
top of the hearth, in the interstices of 
which ashes and charcoal are found. It 
appears, from finding a hearth filled 
with rocks and no chareoal or ashes, that 
the kindling was laid, the rocks on top 
of this, and finally the fire was started 
This heated the roeks, and these hot 
rocks were used to cook on and to heat 
the water for various purposes. This 
way there was a minimum of smoke. 
There are at least twenty or thirty more 
dwellings that are known but not exea- 
vated, and there were probably a great 
many more which have been destroyed 
by weathering. It is not possible to give 
a reasonable explanation of the holes in 
the bottom of the hearths, unless they 
were intended to eatch the ashes for a 
number of fires. If they had been used 
as pottery kilns many fragments would 
have been found. <An idea that occurs 
is that the bottoms may have had clan 
or religious significance. Of the ten 
hearths, so far found, only two hearth 
types or designs have recurred. The 
workmanship and general design lead to 
the belief that this type of hearth was 


a cultural 
every dwelling 
vood-sized ft 
ably wa 
time 
hearths was for 
heating purposes 

It is noticeable 
stretched | 
the edge 1e ‘arth, finds 
der resting on the depressi 
of the shelf and his head 
close to the house wall. 

Many people could thus | 
such a house, and with the fl 
with furs, it made a snug, sat 
at night. The roof could 
made of inclined poles st 
eround outside of the ston 
leaning on it, leaving a cent 
at the top for the escape of sn 
the fire of the hearth. <A 
hides would not eateh fire 
would shed the rain 

It was not necessary 
to heat the stones. Thi 
the hearths were found 
below wind-blown dirt 
carried into the inside ol 
rock walls of the dwellings, 
hearths as well, and the floor 
marked by fragments of burnt 
and occasional sherds of pott 
floors are comparatively eas: 
because they are hard packed 
while the wind-blown mate! 
packed 

The hearths were found by 
in the center of the still reman 
walls of the old dwellings and 
these rocks show signs of havi 
a fire. No doubt the pract 
rocks of certain sizes on the fi 
tated by conditions and whet 
cracked due to heat and bee 
small it was thrown outside ot 
where it is now found. 

Several stone-lined, cireular, s 
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ne, Trom which 


suppose that bot 


were used. Were tl 


; 


; the beginning of 
These shallow ope 
ave been numerous, 
are common and many 
stroved because the) 
se to the surface. The 
ssion of beine summer he 
in milder weather, alt! 
Was perhaps sem tropic 
occupation. The wh 
of the hearth and its surrounding 
s was well calculated to keep the in 
of the dwelling dry and warm in 
easons. are Si 
skull, two views of which are considered to 


(Fig. 15), when measured, gave good in execution 
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Exameres or Desions 
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EXAMPLES OF DESIGNS OF RED—-ON-BUFF 
NEAR BISBEE, ARIZONA 


FIG. 16. 


of the fiber to the 


fraying the ends. 


bered that no potter’s wheel or other 
means of laying out or putting on the 
work was known to these people, their 
to be For 
the cen- 
tury plant, by eutting pieces lengthwise 


admired. 
or 


craftsmanship is 


brushes they used maguey 


be drawn, it must 
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width 
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Numerous pi 


hematite were found in the camps 
cating that it was used for paint, a 
order that a sharp continuous | 


have been ni 
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mix this finely ground material with 
» plant juice and water. 

The background of the painted or 
rated pottery which is buff owes its 
‘thness to slipping. Slipping is the 

rt of applying a thin layer of fine clay 

the green or 
latter 
The design 


n the rough surface of 
urned pottery. In the 
firing is necessary. 
nd condition of the pottery come in the 
lassification of the early sedentary 
period of this culture, say approxi- 
mat ly 200 A. D., although this date 
may be pushed back or ahead, depend- 
which may be found 


case a 


¢ on evidence 
IRRIGATION 

The culture has remarkable ditches to 
its eredit in many localities and they are 
found to a limited but distinct degree 
n association with the campsites being 
liseussed here. This phase of the camp- 
sites has been investigated only casually. 
They also built stone walls as terraces to 
hold the soil level and as a means of ir- 
rigating. A ten-acre field close to one 
f the campsites is studded here and 
there with irregularly placed heaps and 
vairns of rock which were piled up to 
permit farming and irrigation. 

Although there is no running water, 
except during floods of rain, from the 
Mule Mountains into the valley at the 
present time, there probably was during 
the oceupation of the campsites. Dry 
farming is a precarious means of exis- 
tence under existing climatic conditions, 
and there are no springs, except in the 
mountains, so that for water these 
people must have had springs or run- 
ning water closer to their sites than 
found at present. 


DEFENSE 
There are no encircling walls 


means for defense in the campsites. 
Perhaps none were needed. The camp- 


or 
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out in the open. Evidently there we 
no wild animals that were especially 
feared by the community or fron 
which it needed protection, and human 
enemies were either few or the Hohokam 
sufficiently schooled in open wartare 1n 


ease of a surprise attack to be able to 


defend themselves without ramparts 
defense walls. 


At 


I three to tour muies 


a distance of tli 


from the sites, however, on top of Ab 
bott’s Peak, there were found six < 
seven circular stone walls with entra) 

openings well preserved which were ev 


dently used as shelters by lookouts 

the Hohokam. A splendid view ! 
unusually wide range is had from this 
peak and signal fires either day or night 
eould easily inform t community of 


‘ 


the approach of 


Abbott’s Peak is crowned by a eliff 


Iriend or enemy. 


limestone which encircles the top in a 


manner which permits entrance to the 
top from only 
yards wide. At this place are 
remains of two or three successive para 

ich at one time were 


present put 


place about fifty 


found the 


one 


lel stone walls, wh 
higher than at and were 
there for defensive purposes. 

At several places at the 
slightly below the cliff, 


ing stones, sherds of pe ttery and signs 


base of or 
] 


frTrind- 


metates, 


of dwellings were found. 


indicating that 
this peak was at one time occupied by 
a group of people either on the defen- 
sive or merely as lookouts or guards 
There may be other look-out points, but 
they are not known. Much has still t 
be learned about this eul- 
ture, but the information so far gath- 
ered in this small area, it is hoped, will 
add something to the sum total of what 
is already known and help toward un 
ravelling the interesting but compli- 


remarkable 


eated and incomplete picture of the 
Hohokam. 









ANTHONY VAN LEEUWENHOEK 
MICROSCOPES' 


By Professor G. H. PARKER 
HARVARD UNIVERSITY 


Wuart the telescope is to the astrono- appear to have been made exelusi) 
mer the microscope is to the biologist! his unaided eye, for he gives 1 
Since the physical requirements of both _ tion in his writings, so far as I a 
these instruments are much the same, it that he ever used any artificial 
is not surprising to find that the im- as an aid to his vision. Pliny 
provement and increased applications of natural history has much to say 
one follow much the same path as do lentils but nothing about lenses. 
those of the other. Long before micro- The simple microscope, a | 
scopes had been invented, however, sim- glass mounted in a metal car 
ple lenses were in use. These lenses, pears first to have come into g 
doubtless employed for the inspection of use at about the time of the T 
small objects, were certainly known to Years War (1618-1648). This 
the ancients. Pieces of rock crystal ment gained great popularity in 
ground into biconvex forms were found was the means by which the mover 
by Layard in the ruins of Assyrian of diminutive living creatures co 
Nimrud, and Seneca tells us that hollow exhibited. Of these none was mo: 
spheres of glass filled with water were quently shown than the flea; her 
used by the Romans to produce large name of this device ‘‘vitrum pul 
images. The cutting of gems, an art or, in common language, flea glass 
which reached such high perfection in With the advent of the simple n 
antiquity, must have been done under scope there sprang up in Europe dur 
some kind of magnifier. In later times the seventeenth century a flouris 
Roger Bacon (1214-1294) described a school of workers, the early 1 
erystal lens as ‘‘useful to old men and raphers, who became enthusiast 
to those whose sight was weakened, for engaged in the study of the mii 
by this means they will be able to see of nature and who, by the use 
the letters sufficiently enlarged however microscope, opened up a whole 
small they may be.’’ Spectacles were of living forms never dreamed 
known to Chaucer (1340-1400), for he their predecessors. Chief among thes ve 
puts into the mouth of the wife of Bath early enthusiasts were Marcello M arta 
the saying that poverty is a spectacle Pighi (1628-1694) of Italy, Rober to-do ¢ 
through which a man may see who are Hooke (1635-1703) and Nehemiah G: vate m 

‘ (1641-1712) of England, and last | merdai 
not least Jan Swammerdam i ministl 
1680) and the subject of this ess ~ Tal 
Anthony van Leeuwenhoek (1! Meanw 
1723), both of Holland. Passior 

The lives of these two Dutch He att 
were almost exactly coincident wit 


his real friends. 

Yet notwithstanding these applications 
of lenses to the affairs of daily life, early 
science does not seem to have used such 
devices. The truly wonderful observa- 
tion of Aristotle on the developing chick 


where 


1 The author is under great obligation to Mr. wolden age of the Netherlands. F teno. 
Clifford Dobell for permission to quote freely ° - ee a . 
from his recent volume, ‘‘Anthony van Leeu- (28 the struggles of William of , 
wenhoek and His Little Animals.’’ the Dutch Republic gained its ef 
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travele 


Amste] 
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1609 
crew 


and from that 
time onward it immensely in 
wer and in riches. The middle of 
seventeenth century may be taken 
- the culmination of this growth. At 
at time Amsterdam was the greatest 
trading center of Europe and the 
Dutch East India Company and the 
West India Company the most 
werful and successful commercial en- 
the world. From a 
thus enormously enriched by commerce 
ere arose an unprecedented artistic 
nd intellectual efflorescence. Social 
expanded, the arts flourished and 
vie never before. 
‘his was the time of the great Dutch 
Jan Vermeer, Jan _ Steen, 
Franz Hals and, above all, Rembrandt, 
At this time flourished the celebrated 
Duteh physicist, astronomer and mathe- 
matician, Christian Huygens, and the 
anatomists Franciscus Sylvius, Nicolaus 
Steno and especially Reinier de Graaf. 
Even the unassuming, excommunicated 
lens-grinder, Spinoza, brought to phi- 
losophy during this period a novel ex- 
altation. Into this ferment of new life 
and ever-increasing activity were born 
the Dutch micrographers already named, 
Swammerdam and Leeuwenhoek. A\l- 
though they were sons of one civiliza- 
tion their positions in life could hardly 
have been more in contrast. 
Swammerdam, whose life has been 
completely sketched by Miall, was a 
native of Amsterdam and born into 
reasonable affluence. His father, a well- 
to-do apothecary, had established a pri- 
vate museum of natural history. Swam- 
merdam the son was intended for the 
ministry, but he finally prevailed upon 
his family to let him study medicine. 
Meanwhile natural history became his 
passion and insects his special care. 
He attended the University of Leiden, 
where he made the acquaintance of 
Steno, de Graaf and Sylvius. He then 
traveled in France. On his return to 
Amsterdam he continued his anatomical 


’ lependence in 


were 


soil 


terprises in 


blossomed as 


nee 
Cet 


ainters 


and medical studies and perfected } 


+ 


methods of li ctl 


self in delicate diss¢ 
and injection under the simple micr 
scope. In 1668 C duke of Tu 


visited Amsterdam, and when 


SMO, 
cany, 


Swammerdam opened for him a full 
grown caterpillar and showed him the 
wings, legs and other parts the fr 


’ 


ture butterfly in process of formati 
and packed away under the larval skin, 
Cosmo was so impressed that he of 
Swammerdam a large sum of 
the latter’s 
Swammerdam 
and settle there 
of the duke. 
finally declined, pri 
grounds. In 1669, 
two years old, he published his ‘‘Gen 
eral History of Insects.’’ His healt 
was far from robust, and disagreements 
with his father, looked upon nat- 
ural history as not a gainful occupation 
led to difficulties. He was ambitious 
complete further work on the 
and particularly on the day-flies 
the hive-bee, and this he did despit 
amount of parental oppositi 
His account of the day-flies was pub 
lished in 1675. 
1680, after 
financial died at the earl) 
age of forty-five. Thus Swammerdam’s 
life reached its conclusion, the life of a 
man academically trained, 
traveled, cultured, 
upon 
in almost 
posite of that of 
wenhoek. 
Anthony van Leeuwenhoek was bor 
at Delft in 1632. His life and doings 
have been most sympathetically and de- 


money 
collections, provided t] 
come to Flore 
the 


Swammerdam 


would 
under 
This offer 


patronage 


ybably on religious 


when he was thirt* 


who 


insects 


certain 


later, in 


and mat 


Five years 


serious illness 


worries, he 


reasonably 
chiefly 


years, 


dependent 
his family and short in 
every the 
his compatriot Lee 


respect very Op- 


lightfully recorded in a recent memorial 
volume by Clifford Dobell, a scholar 

whom all others 
labor of love. 
were of 


are indebted for 
The parents of Leeuwe! 
rood Dutch 


basket-maker of no persona 


hoek stock, his 


father a 


or social distinction, his mother 1 
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daughter of a well-to-do Delft brewer. 
Of their seven children Anthony was 
the fifth, born in the tenth year of their 
married life. The father died in 1638 
when Anthony was five years old, and 
the mother, after a second marriage, 
lived till 1664. About the time of his 
mother’s remarriage Anthony was sent 
to school at Warmond near Leiden. 
Apparently he never looked forward to 
a university career, for at the age of 
sixteen he went to Amsterdam, where 
he entered a linen-draper’s shop to 
learn the business. While he was in 
Amsterdam it seems probable, according 
to Dobell, that he made the acquaintance 
of Swammerdam some five years his 
junior. After six years’ apprenticeship 
in Amsterdam Leeuwenhoek returned to 
Delft, where he lived for the rest of his 
days. The Thirty Years War had ended, 
peace was reasonably assured for the 
time being, and Leeuwenhoek settled 
down into the quiet life of his native 
place. 

Much of the quaintness and beauty of 
old Delft still remains. To the stranger 
of to-day, wandering along its quiet 
canals and shaded streets, it is easy to 
imagine scenes such as must have in- 
spired the brush of an artist like Ver- 
meer. In fact Vermeer’s ‘‘View of 
Delft’’ and his ‘‘ House on the Street,’’ 
now both well-known classics in art, may 
be taken as evidence of how little the 
modern town has changed from that of 
the seventeenth century. It is a strange 
coincidence that on the death of Ver- 
meer, which occurred at Delft in 1675, 
Leeuwenhoek was appointed official re- 
ceiver to settle the greatly reduced es- 
tate of this noted artist. Life was even 
more circumscribed in those days than 
it is now. 

In 1654, when Leeuwenhoek was 
twenty-two, he married. From this 
union were born five children, three 
sons and two daughters, only one of 
whom, Maria, lived beyond infancy. 
Leeuwenhoek’s marriage year was nota- 


ble in several respects. It was t 
in which the great powder mag 
Delft exploded, killing hundr 
people and destroying many 
This year likewise was the 
which peace was declared betwi 
gland and Holland. It is not surp: 
then that at this time Leeuw 
should have bought in Delft a h 

a shop and set himself up in busi: 
a draper. According to bills 1 
tant, he was buying and selling 
silk, ribbons, tape, buttons and 

In 1666 his wife died, but in 1 
married again, his second wif: 
till 1694. After her death his | 
was managed by his only su 
daughter, Maria, who is descril 
Dobell as devoted to her fath 
eared for him in his old age wher 
weak and infirm, and over his gra‘ 
raised a fitting memorial. She 
lived to be an aged woman, for s 
tained her eighty-ninth year. ©: 
death her body was interred 
father’s tomb. 

Although Leeuwenhoek’s 
must have taken much of his 
accepted in 1660 an appointm 
Chamberlain of the Counceil-Chan 
the Worshipful Sheriffs of Delft 
duties implied in this appointment 1 
be gathered from the wording by 
it was ordered and which has 
translated by Dobell as follows: 


Their Worships the Burgomasters and M 
istrates of the Town of Delft have ap] 
and do hereby charge Antony Leeuwen! 
look after the Chamber wherein thi 
Judge the Sheriffs and the Law Officers of t 
Town do assemble: to open and to s! 
foresaid Chamber at both ordinary and « 
ordinary assemblies of the foresaid Gent 
in such wise as shall be required and need? 
item to show towards these Gentlemen 
spect honour and reverence and diligent)) 
perform and faithfully to execute all ¢! 
which may be laid upon him and to kee} 
himself whatever he may overhear in the © 
ber: to clean the foresaid Chamber proper 
and to keep it neat and tidy: to lay the fire « 
such times as it may be required and at bi 
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enience and ¢arefully to preserve for 


n profit what coals may remain uncon 
and see to it that no mischance befall 


- nor from the light of the candles: and 


furthermore do all that is required of 


hat pertaineth to a good and trusty 
rlain. For the which service the for 

Antony Leeuwenhoek shall er y such 

ges benefits and emoluments as the foresaid 

i Jan Strick his predecessor in office 

y and shall enter into his duties upon 

rning of the 24th of January 1660 and 

ges shall be paid upon the same terms 

whereon the foresaid Jan Strick’s 

id. Ordered by the Burg ters in 


March 


1660 





assembled this ¢ 








J. CAMERLIN Pensi« 
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return for the performance of t 
ties as Chamberlain, Leeuwenhoek re- 
ived 314 florins a year, a sum later 
to 400. Subsequently he 
to this position that of ‘‘Generaal- 
or alderman, for which he 


‘reased 


cmeester’’ 
ived an additional annual stipend of 

0 florins. Both these appointments, 
rding to Dobell, were probably sine- 
res and their duties were performed 
proxy. In 1669 was 
mitted as a surveyor within the juris- 
diction of the Court of Holland, a step 
which he could not have taken, had he 
not had considerable knowledge of ap- 
He was now in his 


Leeuwenhoek 


plied mathematics. 
thirty-seventh year, a 
ind respected tradesman in Delft. 
Thus far had had 
utward connections the learned 
rid, but in 1673 he began those asso- 
itions with the Royal Society of Lon- 
n that were to extend throughout half 
to be terminated 
How these associa- 


well-established 
Leeuwenhoek no 
with 


and were 
by his death. 

tions arose has been fully narrated by 
Dobell. The Royal Society of London, 
founded about 1660 for the promotion of 
natural knowledge, was desirous of get- 
ing into communication with all those 
who sympathized with its aims. To this 
end its first Henry Olden- 
burg, carried on a corre- 
spondence with savants the world over, 


century 


niv 
. 


Tir 


secretary, 
voluminous 
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and among these sk r de | 

the friend and townsman of Leeuwe 
hoek. Through Oldenburg, de G1 
learned of the new and re 






microse pe made by K 
Italy, by which the inventor had 


able to discover ‘‘ 
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land should not be outdone by | 


Graaf addressed 







Oldenburg as translated by 





































devised micros 4 far sul 5 
which we have hi s I 
Eustachio Divi | rs 
ter from him, w ! ! seril 
things which |! has ol 1 mor 
than previous authors, will afford you as 
of his work: and if it please y ind 
would test the skill of this n 
and give him er iragement, then pray send 
him a letter containing your sugg¢ ns i 
proposing to him more difficult problems of 
same kind. 

De Graaf’s letter was ace mpal ed | 
a sample of Leeuwenhoek’s work, wl 
included observations on mould, . 
sting, mouth-parts and « 
and the louse. These obse1 
interested the members of the R 
Society that its secretal is i 
to communicate with Leeuv 
replied as follows 

I ] ive oft S } n } < go} } 
gentlemen, to set ! I I 
beheld through 1 I ‘ i M I 
but I have g " I f 1 I 
have no sty r } eX] 
th ghts p! I 
been br gh uy g r ) 
to business ind I 
do not glad s r ntr sur 
from others This I F, J 
have now s side, a r ir. Rag 
de Graaf; and I g ! I 
have noticed about l g 
little limbs ¢ f I I i 1 als t yy 
of I i S¢ i ~ r he Mr ( 
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an answer, from which I see that my observa- 
tions did not displease the Royal Society, and 
that the Fellows desired to see figures of the 
sting and the little limbs of the bee, whereof 
I made mention. As I can’t draw, I have got 
them drawn for me, but the proportions have 
not come out as well as I had hoped to see 
‘em; and each figure that I send you herewith 
was seen and drawn through a different magni- 
fying-glass. I beg you, therefore, and those 
Gentlemen to whose notice these may come, 
please to bear in mind that my observations 
and thoughts are the outcome of my own un- 
aided impulse and curiosity alone; for, besides 
myself, in our town there be no philosophers 
who practise this art; so pray take not amiss 
my poor pen, and the liberty I here take in 
setting down my random notions. 


Aceording to Dobell, a week before 
Leeuwenhoek sent to the Royal Society 
the letter just quoted Constantijn Huy- 
gens, diplomat and father of the physi- 
cist, wrote as follows to Hooke: 


Our honest citizen, Mr. Leewenhoeck—or 
Leawenhook, according to your orthographie— 
having desired me to peruse what he hath set 
down of his observations about the sting of a 
bee, at the requisition of Mr. Oldenburg, and 
by order, as I suppose, of your noble Royal 
Society, I could not forbear by this occasion to 
give you this character of the man, that he is 
a person unlearned both in sciences and lan- 
guages, but of his own nature exceedingly curi- 
ous and industrious, as you shall perceive not 
onely by what he giveth you about the bee, but 
also by his cleere observations about the won- 
derfull and transparent tubuli appearing in all 
kind of wood. . . . His way for this is to make 
a very small incision in the edge of a box, and 
then tearing of it a little slice or film, as I 
think you call it, the thinner the better, and 
getting it upon the neddle of his little micro- 
scope—a machinula of his owne contriving and 
workmanship—brass. . . . I trust you will not 
be unpleased with the confirmation of so dili- 
gent a searcher as this man is, though allways 
modestly submitting his experiences and con- 
ceits about them to the censure and correction 
of the learned... . 


Thus through these several agencies 


was Leeuwenhoek introduced to the 
Royal Society and thus began that re- 
markable series of communications in 
which he contributed to the society a 
fund of knowledge made possible by the 
use of his microscopes. 


It seems quite clear that for 
years previous to 1673, when Le 
hoek became known to the Royal Soe 
he had been grinding lenses and ma 
microscopes, but when and how 
activities began no one appears to k) 
Suffice it to say that in the year 
tioned he had gained no small deer 
skill in this practise and that this 
and its results were recognized by s 
men as de Graaf and the elder Huyg 

The instruments commonly desig: 
as Leeuwenhoek’s microscopes are { 
nately fairly well known to us. At 
death, as can be ascertained from 
auction list of certain of his effects 
known that he left 247 completely; 
ished microscopes and 172 mount 
lenses, or 419 pieces in all. The gr 
majority of these have disappeared 
cluding the ‘‘little cabinet, lacquer 
black and gilded that comprehendet 
within five little drawers wherein 
inclosed 13 long and square littl 
eases which I have covered over 
black leather, and in each of these litt 
eases lie two ground magnifying ¢! 
making 26 in all everyone of 
ground by myself and mounted in s 
ver.’’ This cabinet was bequeathed 
Leeuwenhoek to the Royal Societ 
safely received by it, not infrequent 
inspected by its Fellows, but finally 
duly and totally lost. In fact Dot 
reports that of the 419 lenses know: 
exist at the time of Leeuwen! 
death, at present only eight can be : 
counted for with certainty and all t! 
are held on the continent, England and 
America possessing none. These eighit 
however, with the descriptions of other 
give us ample ground for reconstructing 
the instrument. 

This consisted of two parallel plat 
of metal, brass, silver or even gold, held 
together by rivets and carrying betw: 
them in their upper central part one 0! 
the precious lenses held firmly opposit 
holes in the plates, so that the observer 
could put his eye next the united plates 
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| peep through the aperture with its 
tained lens at any object held on the 
site side. Such object was not sup- 
d by the hand but by a metal point 
terminated a rod itself attached 
lower part of the plate in such a 
that it could be moved by threaded 
vs into appropriate position for in- 
tion and clear focus. The object to 
examined was either mounted on the 
point by being stuck there with 

le or it was placed on a bit of thin 
iss or mica or between two pieces of 
h material or in a eapillary tube. 
se partial mounts were attached of 
irse to the metal point. Thus a great 
arlety of substances could be brought 
nder inspection. Leeuwenhoek’s method 
that he 
for each 


demonstration was such 


made a microscope 
ject and having set up the whole, he 
etained it in that form for inspection 
nstead of changing the object under the 
glass, as was later commonly practised. 

It will be seen at from this 
rief deseription that Leeuwenhoek’s so- 
alled microscopes were little more than 
simple lenses and that they bore no re- 
semblance whatever to the compound 
microscope of even his day. This instru- 
ment, in which one lens or lens-system 
magnifies the image formed by another, 
was indeed known at his time, but it was 
so imperfectly developed that even the 
relatively crude magnifier made by 
Leeuwenhoek far outran it in efficiency. 
The great success that Leeuwenhoek’s 
microscopes attained turned, it appears, 
on the marvelous skill with which he 
ground his lenses. In early times, when 
many of these lenses were available, they 
were carefully examined by expert op- 
ticians and were pronounced by them as 
unusually free from optical defects, not- 
withstanding that they were of relatively 
high power. His better lenses are 
known to have magnified 270 diameters, 
and it is possible that some of his best 
products, of which he seems to have 


sually 


once 


been very choice, reached as much as 
300 diameters. 
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A perusal of Leeuwen] 
and the comments of his contemporaries 
show that he guarded his best work w 


a certain jealousy 


often implies in unts of his « 
servations that he could see what mai \ 
others could not. He intimates further 
that he possessed methods of manipu 


tion which placed him personally a 
advantage over others and which he was 
This profes 


loath to impart to them. 


+ , ] ? 


sional secrecy, if such it was, formed a 
part of his psyel ogy and Dobell has 
rightly called attention to it. What 

was all about is not easy to surmise. It 


it he observed and 


is, however, certain th: 


figured many bodies that it would | 
very difficult for even an unusually 
skilful observer to make out with th 


equipment ordinarily attributed tf 
Leeuwenhoek. That he 


lenses at his disposal that 


had certain r 
markable 
never were allowed to 
very unlikely. His secret, if he had one 
was probably in his method of manipula 
Dobell has suggested that he may 


lium 


come to light is 


tion. 
have used some form of indirect 
nation, a step entirely possible with his 
apparatus. When it is recalled how 
greatly this method would have im- 
proved the possibilities of viewing very 
minute objects, such as bacteria and the 
like, it seems more than probable that 
Dobell is correct in his surmise and that 
this the step in Leeuwenhoek’s 
manipulation that set far in 
advance of his competitors and that he 
In support of 


was 
him so 
was so loath to reveal. 
this suggestion Dobell quotes Leeuwen- 
hoek, who in reply to a criticism re- 
marks, ‘‘but I can demonstrate to my 
self the 
blood as sharp and clean as one can dis- 
without any 
that one 


piece of black 


globules corpuscles in the 


tinguish with one’s 
help of 
might bestrew 
taffety silk.’’ 

would hardly have occurred to Leeuwen- 
hoek had he not been accustomed to 
view microscopic 
background, such as is produced by in- 


eves, 
glasses, sandgrains 
upon a 
Precisely this comparison 


objects on a dark 
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direct illumination. His vision was 
known to have been remarkably acute, 
but added to this there must have been 
some other turn in manipulation which 
gave him supremacy, and indirect illu- 
mination may have been that turn. 

Equipped with unusual apparatus 
and technique, filled with a burning 
curiosity about all natural objects, and 
with fifty years of life ahead, Leeuwen- 
hoek at the age of forty-one began a 
scientific career of remarkable discovery 
and accomplishment. His physical 
needs were met by the income from his 
shop and his town appointments. His 
time was largely his own and he was 
thus free to follow the passion of his 
later life. 

During these fifty years Leeuwenhoek 
spread his scientific discoveries by writ- 
ing letters mostly to the Royal Society, 
and many of these were published in its 
Transactions. In 1680 he was elected a 
fellow of the society, an honor which 
gave him great satisfaction. As a result 
of his work he became more and more 
widely known and was visited by celeb- 
rities as well as by others from all over 
the learned world. As Dobell writes, 
‘‘kings and princes, philosophers and 
physicians and men of science, states- 
men and clergymen and even common 
men went to see him and to look through 
his wonderful glasses.’’ The visit of 
Peter the Great of Russia has been re- 
eorded with much detail. This monarch 
was so interested in what Leeuwenhoek 
had to show him that he detained 
Leeuwenhoek no less than two hours and 
on taking his leave shook Leeuwenhoek 
by the hand and assured the microgra- 
pher of his special gratitude. But 
Leeuwenhoek was not to be lionized. 
His heart was in his work and visitors 
took his time. Finally many were de- 
nied admittance, but he always endeav- 
ored to make himself accessible to those 
who came from the Royal Society. In 


this respect the following comment con- 
cerning visitors from Sir Hans Sloane, 


then secretary of the society, is 1 
out interest. ‘‘Mr. Hans Sloan 
mended Mr. Stuart to me, in | 
as a curious Gentleman who 
elled through many countries: 
same Gentleman had two other S 
gentlemen in his company, al] 

I gladly received, and so will 
those who have an introducti 
Mr. Sloane.’’ Mr. James Petin 
ever, was less fortunate. After 
successful attempt to visit the n 
pher in 1711, Petiver recei 
Leeuwenhoek a letter, from y 
following significant extract is 


I have received your Letter of 
August anno 1711, wherein you 


1 


at not being welcomed at my h 
please not take it ill, seeing that 
everyone who tries to visit n 

some sort of introduction. .. . If 5 
by you the letter from Mr. Hans §S 
would not have missed a friendly ent 
at my house. And you were sent 
cially because you were not known, a1 
some 8 or 10 days earlier no less tl 
came to see me within four days, 
with introductions (except a Duk« 
with their Tutor): which mad 
that I broke out in a sweat all ov 


Thus was poor Leeuwenhoe! 
seventy-ninth year pestered b) 
portunate public. 

Yet notwithstanding interr 
work went forward. In 1717 L 
hoek really thought his end w 
and he wrote what he believed 
last letter to the Royal Society 
ing with 


Methinks these will be the last 
I shall be able to send to you hor 
tleman; because my hands gr 
suffer from a little shakiness, w] 
my advanced years, a good 85 hav 
me. And so I send you with 
thankfulness, because in the 
were so kind as to elect me, 
competence, a Fellow of thi 
lege of the Royal Society; and 
Diploma, together with two letters 
Secretaries of the Society, which likew 
known to me my election, by all the + 
Fellows, then gathered together at a 
meeting. 
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hank you also for the Philosophical Trans- offspring and 
which Your Excellencies have been so 


: anticipation of ti 
as to send me from time to time. A 
on WhOLLY err 


1) 


all these honours and gifts af 


convey to you my grat 


d ¢i 
nbry 
after this letter Leeuwenhoek 
nearly six more years and sent to 
wiety in that time no fewer than 
en more epistles. But the end 
y did come on the twenty-sixth of 
wust, 1723. The Reverend Mr. Peter 
‘ribius notified the fellows of the Royal 
ty of Leeuwenhoek’s death, and 
laughter, Maria, arranged his 


s Ud 


eral and earried out his last wishes. 
uwenhoek was buried in the Old 


‘ 
irch of Delft on Sunday 


the thirty- 


rst of August, 1723, ‘‘ with 16 pallbear- 
wate 


He dise 


they could und 


rs and with coaches and tollings of the 


at 3 intervals.’’ In 1739 his daugh- 
Maria erected a monument to his 
: ae , consequent d 
memory in another part of the church , 


believed them 


pla ‘e as dust 


} 


where he now lies. Here she too was 


ter buried. Thus concluded the life of A 
° . Ps . seribed the 
in who without a vestige of univer- : 

ant SO Ini 


sity training and utterly devoid of aca- 
demie associations contributed to the 


scientific advance of his day as did ke 
ely another. sneer” d the 
TO oDpsé rve Pal 


What these advances were may be 
mentioned only briefly. Leeuwenhoek 
mfirmed and extended Malpighi’s ob- 
servation that the arteries connected 
the veins by a system of very fine 


and described 


where he f 
teeth. Suc] 
others claim 
essels, the capillaries. These Leeuwen- 
ek demonstrated in the tail of the tad- 

and the eel, in the web of the trained 
¢’s foot, and in the membrane of the science he 


++ 


t’s wing. He pointed out significant violent attacks 
— . . ] 1) 
differences in the blood corpuscles of skilled beyond 


various animals. He was first to note vation, he ama 


cross-striation of muscle fiber and body of know 
fibrous structure of the lens of the and unbelieval 
Following the initial observation ple, earnest 
f Hamm, he began a study of spermato- form an 
i, Of which he believed he could distin- ward trut! 


guish two kinds, one giving rise to male science 





A CENTURY OF PROGRESS IN THE 
CHEMISTRY OF NUTRITION’ 


By Professor H. C. SHERMAN 


COLUMBIA 


THE oceasion for which this paper is 
invited falls so near the completion of 
the first third of the twentieth century 
that we may conveniently divide our 
brief sketch of the progress of the chem- 
istry of nutrition during the past hun- 
dred years into three periods of a third 


of a century each. 
I 


At the opening of the middle third of 
the nineteenth century, chemistry had 
accumulated a number of discoveries 
which we now recognize as fundamental 
to the science of nutrition; but little of 
what we could now consider an actual 
science of nutrition yet existed. 

Lavoisier had shown the fundamental 
resemblance of oxidation of organic 
foodstuffs in the body with their burning 
in the air; Wohler had shown the pos- 
sibility of the laboratory synthesis of 
substances previously known only as 
products of life; and several investiga- 
tors had demonstrated the existence of 
organic catalysts of the sort that we now 
call enzymes; but these great discoveries 
had not yet been made effective through 
the building of the chemistry of nutri- 
tion as a clearly conceived and coordi- 
nated science. 

This, Liebig was just about beginning 
to do a century ago. His first book on 
the significance of chemistry for agricul- 
ture and physiology appeared in 1840 
and his classical treatise on animal chem- 
istry followed only two years later. His 
principle, frequently called the ‘‘ Law of 

1A paper prepared upon invitation of the 


American Chemical Society for its meeting at 
Chicago, September, 1933. 


UNIVERSITY 


the Minimum,’’ was enunciated in 
and has ever since had an enorm 
fluence upon the methods and inter; 
tation of research in the nutrition 
of plants and of animals. 

Voit carried on the development 
chemistry of nutrition which Liebig 
so effectively launched; for Voit 
his distinguished student, our 
friend the late Dr. Lusk, while b: 
the title of professor of physi 
worked essentially in the chemistr 
nutrition. 

At the end of this middle third of 
nineteenth century, the concept of ¢ 
istry as functioning in the nutrit 
processes in plant and animal lif 
both the formation and the utilizat 
of our foodstuffs—was being made eff 
tive for animal physiology by Vi 
Munich, while in this country w 
much like Liebig’s own, in its comp! 


hensive grasp of the interrelated pro! 


lems of the farm crop, the domesticat 


animal and man, was being done b: 
Samuel W. Johnson, under whom At- 


water was a graduate student at Yale 
the late sixties, and under whom 
Osborne began and developed his 
reaching researches upon the proteins 


Perhaps this is the point at which ' 


explain that as time would not in 
case permit the mention here of n 
than a fraction of those to whom hor 


able mention is due, no living perso! 


will be named in this review. 
II 


During the last third of the ninetee 
century, the work of Pasteur was bec 
ing fully effective. 
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PROGRESS IN THE CHEMISTRY OF NUTRITION 


While the name of Pasteur is more 
timately identified with fermentation 
nd infection than with nutrition in the 


rdinary sense, yet Pasteur, in addition 


being the chemist who became the 
er of modern bacteriology, was also 
one who, perhaps more than any 
er, made clear and convincing the 
\r-reaching principle that life processes 
» amenable to successful investigation 
the 


has 


y chemical methods and from 
emical point of view. In fact it 
en said that the reason Pasteur pro- 
‘essed more rapidly than other bac- 
riologists in the study of disease was 
‘ause he adhered to the chemical view- 
nt and concentrated his attention not 
much upon the morphology of the 
‘roorganisms as upon their relation to 
e substances which nourish them and 
» substances which they in turn pro- 


ve) 


Under such influences, then, as those 


' Pasteur, of Liebig and Voit, of John- 
son and Atwater and Osborne, the latter 
part of the nineteenth century was both 
aying the scientific foundations for the 
science of nutrition and preparing the 
ground for its acceptance and for its 
effective service to human welfare. 

Before the nineteenth century 
ver, the work of Osborne and others 
ad added to chemistry a substantial list 
f proteins known as purified individual 
substances and ready to be studied with 
reference to the nutritional significance 
not only of their general chemical nature 
but also of their differences in chemical 
structure, particularly in their amino 
acid make-up. 

Also, largely through the work of 
Frankland in England, of Thompson 
and Stohman in Germany and of Ber- 
thelot in France, the heats of combus- 
tion of the chief organic nutrients and 
of many of their metabolites had been 
determined quantitatively ; Rubner had 
successfully studied the energy ex- 
change of the body as a whole by direct 


was 


experiments upon d 


analogous and even 


perimentation upon 
study and teachin 
tions of nutrition 
on the character of 
Many quantitative 
also been recorded in 
study of the protein 
and Osborne had 
the significance of 
appreciated until 
protein nature of 
typical 


through 


enzyme 
catalysts 
energy value of 
brought with sufficient promptness 
the nutritional service of the body 
had giver 


; . 
orners 


Forster and a few 


le of the m 


some attention ne rol nera 


elements in nutrition but appreciation of 


the importance of these was inhibited 
preconceptions mistakenly carried over, 
without due discrimination, from t 
study of the nitrogen metabolism. 
Eijkman had recorded what we now 
know to be good experimental evidence 
of the existence of a defi 
ciency disease; but had, 
of the British Medical Research Council 
afterward phrased it, presented his find- 


nutritional 


as a committee 


ings ‘‘with so strong a pharmacological 
as to obscure their nutritional sig 
nificance, so that did not 
actually become a contribution to the 
chemistry of nutrition until it could be 


bias’’ 


his work 


re-viewed in the light of the more chemi- 
eal work which followed after the turn 
of the century. 

From the American view-point, it is of 
interest to note that before the end of 
the nineties there was a strong center of 
research in 
physiological Yale, food 
chemistry was well developed in several 
every 


advanced teaching and 


chemistry at 
of our colleges and universities, 
state had in its Agricultural Experiment 
Station a center of research in agricul- 
tural chemistry which in many cases was 
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beginning to include consideration of the 
nutrition both of plants and of farm 
animals, and the United States Depart- 
ment of Agriculture was conducting re- 
search in the nutrition of man under the 
direction of Professor Atwater. 


[IT 


Gratefully acknowledging that we 
have reaped where our predecessors of 
the nineteenth century had sown, we 
may well emphasize the striking extent 
to which the present-day chemistry of 
nutrition has developed during our own 
first third of the twentieth century. The 
development of this newer knowledge of 
nutrition places upon the present gen- 
eration of chemists a much heavier re- 
sponsibility than has been borne by the 
chemists of the past, and opens to them 
a correspondingly greater opportunity 
for scientific scholarship and for service 
to human welfare. 

Both in the interest of clearness and 
on logical and chronological grounds, we 
may speak of six steps in this line of 
scientific development, or (to change the 
figure) six ‘“‘pillar econecepts’’ on and 
around which our scientific structure is 
being built: 

(1) The quantitative studies of the 
energy relations, now recognized as fun- 
damental to the development of nutri- 
tion as an exact science; and now so far 
successful that one may speak with 
confidence and with precision of the 
chief substances whose oxidation in the 
body yields energy for its nutritional 
functions, the amounts of energy which 
these substances thus yield and the ap- 
proximate amounts of energy which the 
body normally transforms at different 
ages and under different conditions. 
Current research in this field is con- 
stantly adding precision to our knowl- 
edge of the energy needs of normal 
nutrition and, in the hands of many 
workers, is showing more definitely what 
departures from the normal are to be 


expected in the different types 
grees of disease. The world-wi ie s 
of racial factors and climatic influ 
is also a far-reaching develop: 
this field of research. 

A connecting link with 
aspect of our subject is ene 
when we ask how the chemical 
upon which the energy exchai 
pend are made to run fast e 
the body to meet its nutritional 
A few words from the more 
view-point of the proteins in 
must, however, intervene. 

(2) Quickly following upon t 
edly successful quantitative 
ments in the studies of energy 
which were the outstanding 
nutrition at the turn of the 
eame a truly epoch-making p 


+ 


experimental enlightenment in 
tein chemistry of nutrition. T 


teins which Osborne, in this 
Fischer, in Germany, and others 
systematically studied as chem 
ties were now fed individuall: 
closely controlled conditions 
standardized laboratory animal 
chemical structures and nutritior 
tionships were correlated in ter 
qualitative and quantitative di 
of the individual amino acids 
food proteins supply. 

And here a most interesting 
portant two-fold development 
eurred. On the one hand it 
found that some of these ami 
are more or less interchangeable 
some are individually quite ind 
ble, each having evidently its own wi 
function or functions in nutrition. 
on the other hand it has been f 
several of the catalysts directly 
directly essential to the energy nh 
lism, for instance, the glutathione 
appears directly to catalyze t! 
tion process, thyroxine and adr 
which in some way expedite the p! 
insulin which facilitates some inter! 
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preparatory reaction, and the 
al hydrolytic enzymes which bring 
reanic foodstuffs into forms upon 

these other catalysts can act—all 
derivatives of 
from the 


hese now appear to be 


acids such as result 
igestion of food proteins. 
Such discoveries point the way to still 
irther scientific advances and they have 
an enormous practical value in showing 
w the proteins (or protein mixtures 
different articles of food can supple- 
ent each other with most efficiency and 
omy both in human nutrition 
the feeding of farm animals. 
Tempting as it is to dwell longer here, 
turn to the third of the 
steps or which we 


and 


must now 
are 
Too 


the recent development of 


aspects in 
seeking to indicate (how be it all 
meagerly ! ) 
ur subject. 

3) Gradually, during the past thirty 

‘s, in part following upon the twen- 
tieth century reform in our ideas of the 
protein factor in nutrition and in part 
independently, there has come an awak- 


The fact that sev- 

of these regularly 
found in the body, and the effects which 
had been observed in a few rather primi- 
which 


mineral elements. 


elements are 


experiments with diets in 
they had been very drastically reduced, 
had been generally accepted as indicat- 
ing that they play some part in nutri- 
tion, but the needed were 
usually underestimated and it was gen- 
erally assumed that intakes 
would practically always be adequate. 
The investigations of the past thirty 
years have dispelled this fallacy with 
regard to one mineral element after an- 
other and shown that it is both scientif- 
ically significant and practically profit- 
able to give these elements the same 
careful attention that we give to pro- 
tein. The practical importance of the 
mineral elements as factors in food 
values is even greater in human nutri- 


amounts 


chance 


tion than in animal feed 

the tendency to 01 

and to divert t 

those ‘‘ecoarser’’ 

richer in the miner 
Recent advances in 

appreciation of 

elements in nutrit 

key, 

of the 


lent, 


certainly to t! 
malnutritio 
and we ho 


advance in o 
health. 
(4 Almost s 


gradually dawning realization 


} 


portance of the 
doubtless obse ] 

many, there hi 

of discoveries revardin: 
food and tl 

a whole grou 
ticularly rela 

tures or nutritional functions, but 
are commonly called the vitamin 
vitamins sho 


tal 


Scientifically the 
go under a gr ip name tor t] 
a sufficiently similar or related 


substances. The more we 


the vitamins the less al 
pear. That they have been so 
is the accidental result of their existence 
having been discovered and their nutri 


+ 


importance established il 


+ 


tional 
for the 


complete Cl 


rapid a succession actual phy 


cal isolation and 
identification 
though 


working actively 


of the substances 
pace, even many able chemi 
have been 
pure chemistry of 

When this situation is fully grasped 
it constitutes in itself a most impressive 
demonstration of the 
which so fundamentally 
tant discoveries have been made in this 
field in the past few years. 

What from habit is still 
vitamin concept is in reality a whole 
group of concepts, each unique. 


upon 


these compounds 


1 


rapidity with 


many impor 


1? ] 
ealled the 
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Even so, there are still other concepts cation of the algebra of combi) 
which we should also consider. and permutations will soon show 

(5) Another important aspect of the human life-time would not be suf 
recent progress in the chemistry of nu- for the consideration of all poss 
trition is found in the interrelationships terrelations. Plainly this promises 1 
between the different nutritional fac- almost too fertile a field, a ree 
tors. Thus, as already noted, the energy which the investigator must 
metabolism depends upon catalysts con- against losing himself in a_ verit 
taining or derived from the proteins or jungle growth of interrelationships 
their amino acids. Or, again, in hemo- As a compass or polar star f 
globin, the body makes itself a substance guidance, however, we have what 
which is outstanding both as a body pro-_ here calling the sixth step or as; 


tein and as an iron compound and which our present-day concept of the cl 
plays a leading role both in transporting of nutrition. 
oxygen for the energy metabolism and (6) This is the principle that 


in maintaining the acid-base balance. chemistry of nutrition our ultimat 
Still again, research upon the inter- cern is essentially the nutritiona 
relationships of calcium, phosphorus, tions of the living body as a whol 
and vitamins A, C and D has added the living body is a coordinated 
greatly to our understanding of the and such a whole is something mor 
chemistry of the body and has shown the a mere summation of its parts 
way to the conquest of rickets and ever interesting and important 
scurvy—and, we hope, to the building of be to follow individual chemica 
better teeth. stances into individual bodily 
We also have reason to hope that the and to trace detailed interrelat 
chemistry of nutrition is well on the way among the many factors essential! 
toward a solution of the pellagra prob- yolved in nutrition—and it is thus 
lem through the working out of the much of our knowledge has been 
nutritional interrelations between vita- must be. won—we have recently |: 
min G and whatever other factors are the importance of remembering 
involved. that, somewhat as in practical affairs 
If something of the order of thirty-odd proof of the pudding is in the ea‘ 
chemical entities (elements or com- SO in the most far-reaching ambiti ns 
pounds as the individual case may be) jyesearch in nutrition. the court of 
must be nutritionally supplied to the resort is the experiment, or cl 
body from without,’ besides all the sub- reasoned series of experiments, 
stances that it makes within itself, appli- ducted with all possible exactness 
2At the time of writing (September, 1933) the most careful laboratory contr 
the views of different chemists as to what the upon the whole animal, often throug 
body needs nutritionally from without would jts whole life-cycle, and sometimes « 
range from twenty-five items upward, as indi- through successive generations. 
cated by the following summary: (1) At least T} 1 e | , . 
2 . . > ‘ rt , > Gn, 
fifteen of the chemical elements in the strict 1S comands 0 revity — 
chemical significance of that term—carbon, here to a mere hint at the far-rea 
hydrogen, oxygen, nitrogen, calcium, phos- — ——$_—_____—__— 
phorus, potassium, sulfur, sodium, chlorine, That one must still speak so tentative 
magnesium, iron, iodine, copper, manganese, such a fundamental question as, ‘* What 
and perhaps others; (2) from four to fourteen the body nutritionally need from without?’ 
of the amino acids furnished by the proteins of a striking illustration of the rich field 
the food; (3) probably at least a little of some here awaits further research notwithsta 
unsaturated fatty acid; (4) certainly at least the great advances which have been mad 
ing the past three decades. 


’ 


five vitamins. 
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sienificance and prospects of such re- 

‘+h. Even so, it may be pointed out 
vat the discovery of the vitamins is 
rely a beginning of this new chapter 
in the chemistry of nutrition; for re- 
search has promptly pressed on from the 
qualitative finding of the existence of 
previously unknown factors to the quan- 
titative study of their optimal intakes 

nutrition. And just as the discovery 
f the vitamins shows how to avoid defi- 
mney diseases, so the more comprehen- 
sive and quantitative type of research 
and 


mes successive generations of experi- 


¢ vering whole life-cycles some- 
mental animals is showing the way to 
advances in positive health. Thus it has 
found that, starting with 

ns already normal, the quality of the 
ife process may be improved and the 
average length of healthy life may be 
significantly extended by so adjusting 
the relative proportions of every-day 
foods as to enrich the dietary in certain 
‘f its chemical factors. Not only is life 
made longer, it is also made richer and 
more efficient throughout. 

There are indications that too greatly 
‘foreed’’ growth may be unfavorable to 
the individual; but 
within the limits of the normal there is 
apparently a wide zone of possible im- 
provement in the hitherto accepted aver- 
nutritional accomplishment. 
Growth and development can be helped 
and old age can be deferred in the same 
individuals and by the same chemical 
improvements in the nutritional intake. 
Granted that there are limits beyond 
which growth and longevity can not both 
be pushed, there is still a rich field of 
scientific interest and of service to 
human welfare in the extension of the 
period of the prime of life by the fur- 
ther development of this quantitative 
aspect of the chemistry of nutrition. 


econdi- 


been 


the longevity of 


ages of 


We are not 


the question whether such chemical im 


<> . ao 
primar.y concel 


provement in he life process througn 
nutrition will materially change the out 
ward physical aspects of the species or 


the general nature of its chemistry : bot 
these are probably pretty well stabilized 
differences 


by now and individual 


physical characteristics are probably 


chiefly determined by the arrangemen 
of the genes in the chromosomes 
birth. What we are 
research in the 
rather, 
tions to feed into the body in order 
it may be helped to 


learnings 
chemistry 0 
what things and in 
maintain 
constantly optimal chemical 
ment within, 
anticipate that such chemical im 
the 
be favorable to further human pro 
At any 
furnish to 


: . 
and we have 


ment of internal environmen 


from now on, nutr 


food 


serviceable 


rate, 
can economics a more 
rulidance than 


And 
with the means of education which no 


certain and 


has ever before been available. 


exist we may feel confident that, whether 


throug 


through a planned economy, or 


the effect of enlightened consumer dé 
mand, or both, this newer knowledge o! 
nutrition will continue to become m 
and more effective. 
To increase the proportion of pe 


like 


known, are able to render a longer a1 


who, many that we have alread 


more efficient service than the averag 
and whose services, as Eliot pointed out 
are of added value in their more mature 
years because then the community recog 
nizes them as both experienced and dis 
interested—this will mean much to e¢i\ 
lization as well as to the individuals w 
will receive this longer lease of healthier 
life through the advances which are 
now being made in our knowledge of 


chemistry of nutrition. 





SCIENCE AND NUMEROLOGY 


By Professor JOSEPH JASTROW 


NEW YORK CITY 


No one knows who invented the term 
‘‘Numerology’’ or when it was first used. 
The absurd doctrine which goes by that 
name is in its application an entirely 
modern device, prompted apparently by 
the popular success of astrology as a 
profession, or more accurately, a racket. 
Some ingenious promoter realized that 
there was money in the proposition that 
one is born not under a star but under 
a number. The original idea in modern 
numerology is not the technique of cal- 
culation—which is an old one—but the 
notion that the result, which is expressed 
as a digit, carries with it an entire array 
of character-traits. 

If to the letters in John Doe’s name 
are assigned the numerical value of their 
position in the alphabet, counting from 
1 to 9, and beginning again, thus: 

J O H N D O E 
1 6 8 65& 4 6 5 


and the numbers added, namely 35, and 
the 9’s thrown out, the result is an 8; 
and John Doe is an ‘‘8.’’ Being an 
**8,”? he has a lot of characteristics such 
as wishing to manage big affairs, the 
power to struggle against opposition and 
in general is a corner-stone in the com- 
munity. The same hocus-pocus is ap- 
plied to the date of birth, and endless 
frills increasingly absurd. This and a 
mass of similar rubbish makes up the 
*‘Numerology’”’ that sells. 

Professor Bell had the happy idea of 
rescuing the word, which is a convenient 
one, and making it include all the varie- 
ties of doctrine, from Pythagoras on- 
ward, that ascribe mystic meaning and 
peculiar power to numbers. From now 
on that should be the meaning of Numer- 
ology, and not the absurd system of 
reading character and fortune in the 
arbitrary number-equivalents of names, 


which represents about the 
superstition and the lowest cere} 
that flourishes in these supposs 
lightened days. 

Professor Bell is a _ disting 
mathematician in the California 
tute of Technology. He has 
book bearing the title ‘‘ Numer 
which introduces a distinction 
serve as a permanent classificat! 
may cause surprise at first, t 
lowed by complete acceptance 
happy idea. His dictum read: 
(or one) opposite of science is n 
ogy. For false as may be the 
throughout, what is now a debas 
profane distortion was once a sacr 
trine. This survey of the origi 
eareer of the type of thinking 
numerology represents is one 


many merits of Professor Bell’s 
ing contribution. 

Although everybody uses the 
has not (until recently) been ad 
to the standard dictionaries, beca 
is regarded as a coined word, ass 


with a very shady system. The lil 
have been similarly orthodox; one 
look for books on this subject under 
title ‘‘Symbolism of Numbers.’ 

The father of numerology in the 
olic sense, is Pythagoras. Pr 
Bell, speaking as a mathematicia! 
forth: 


It makes not one particle of difference t 
whether a particular mathematical theory 
universe is fantastic nonsense, provided only t 
theory is of some use for a week or mor 
guiding scientific work. Because some 
makes correct predictions in three or 
hundred instances is no evidence that 


more than a fictitious scaffolding of imaginar} 


and unnecessary lumber. In so far as an) 
believes the contrary, to that extent is 


1Eric Temple Bell, ‘‘Numerology,’’ 
liams and Wilkins Company, Baltimore, 19 
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he universe 
simple relations « 


eS COSMOS em 


igoras had a 


be expressed 
2,2 to 3 and 3 t 


utifully simple relat 


l 


} Lal J 9) ’ 
small MOLE nupwoers |; ( yLUSst- 


d and mystified the 


as well it might have 


Few human beings find anything 
Numerology was born the 
goras discovered the law of 

' : 


ricked 
.’ Henee the 
phe s’’ and the Pythag 
that all things are fitting 
the nature 0o 
eternal essence; 
number is God. With that 
f was done; twenty-five centuries 


we have the plague of ‘‘numer- 


this start, numbers were 
moral qualities and forms also 


a masculine number representing 
nd 2 a feminine number, repre- 
r discord. The cirele was the 


figure: for centuries the or- 


. ] 
PY 


+ 
ceed 


the planets were ec 


and more complex systems of 
‘les until eventually Keppler dis- 
‘d all this prepossession and found 
orbit in an ellipse. Numbers 
perfect and imperfect, odd and 


and assumed qualities similar to 
distinction of right and left, whic 
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alchemy to chemistry. All these pseudo- 
sciences proceed in the same mystical 
temper, the same devotion to ambitious 
generalizations, the same slant toward 
reading character and human fate. It is 
only in their degenerate forms that they 
become fortune-telling systems. 

Numerology is pseudo-science on the 
basis of numbers. <A typical idea is that 
of recurrence, the notion of cycles which, 
transferred to the cosmos, would eventu- 
ally mean that everything that happens 
once will in due course happen again. 
The analogy was found in the recurring 
decimal 210210210 ‘‘To a gin free ra- 
tionalist it is incredible that brooding on 
this eternal recurrence could ever have 
driven an educated man mad, but it 
did.’’ For in this is the seed of the re- 
incarnations and other doctrines associ- 
ated with Pythagoras. The numerical 
side of numerology developed useful 
knowledge of number-relations, such as 
primes and squares. But for each dis- 
covery there was in turn a misleading 
numerologiecal setback. Thus 220 and 
284 were an ‘‘amicable number pair,’’ in 
that each has the power through its 
divisors to generate the other. 

The popular association of properties 
and fates with numbers—3’s and 7’s and 
again 13’s, and all the variety of num- 
ber superstitions—though they proceed 
on a history of their own—have a com- 
mon root in Pythagorean notions, still 
surviving in the expression: a ‘‘square 
deal,’’ which is both quadrilateral and 
just. The most famous numerological 
statement of old is the paragraph of 
Plato in which he describes the ‘‘nup- 
tial’? number. 


Whose base, modified, as four to three, and 
married to five, three times increased, yields 
two harmonies: one equal multiplied by equal, 
a hundred times the same: the other equal in 
length to the former, but oblong, a hundred of 
the numbers upon expressible diameters of five, 
each diminished by one, or by two if inexpres- 
sible, and a hundred cubes of three. 


This mysterious calculation results in 
the number 12960000; it remained for a 
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woman mathematician, Mrs. Y 
1923 to discover how Plato deriy 

Derived forms of numer 
thought, according to Profess 
abound in modern mathematics 
morphism is one of them and ext; 
tion another; and each is an exa) 
the central numerological falla 
is thus tersely put: a map is 
thing mapped. Identifying t 
with what it represents, the nun 
the name with the thing, thus « 
be the major fallacy of pseud 
which I have ventured to cal] 
utism.”’ 

I can not present all the variet 
consequences which Professor B 
rives from his important thesis 
only promise his readers a nu 
surprises and a most amusing 
tion. The combination of mat! 
and humor is rare enough to | 
worthy. In this ‘‘Numerology”’ w 
a brilliant exposition of 
proach to an important chapter i 
history of science. ‘‘Numerolog 
too good a word to lose. In the « 
aries of the future, it will be def 
that form of 
ascribes all manner of virtues and q 
ties to numbers. The several var 
of it, appearing from Gematria 
modern fortune-telling device, wi 
recognized as sO many variations 
great mislead. It will hardly do 
low the last comer, who happened t 
vent the name, to patent the word me 
because he devised the most ridic 
example in the long line of d 
Numerology, as the opposite of 
is a concept of enduring worth 
study of logic. 

The problem remains for the psyc! 
gist to discover ‘‘why our bedivilled ! 
is more receptive to philosophy and ! 
merology than it is to science and arit 
metic.’’ And still it is proper to | 
Pythagoras. 

‘‘And so Ave atque vale, magiste! 
Pythagoras, alter ego! Our scienc 
your shadow stripped of its num 
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CHEMISTRY AND RECENT MEDICAL 
PROGRESS 


By Professor JULIUS STIEGLITZ 


THE DEPARTMENT OF CHEMISTR 


From the inception of life to our re- 
turn to dust, life consists of continuous 
hemical processes in which matter is 
transformed for the uses of the body. 
This close connection between life and 
hemistry makes chemistry a powerful 
instrumentality for progress in medi- 
ne. In recent years the greatest prog- 
ress which has followed from this coop- 
eration is undoubtedly in the domain of 
‘the little things’’- those extraordi- 
narily powerful principles, the hormones 
ind the vitamins, which are absolutely 
necessary for the healthful functioning 
To-day’s talk will be devoted to 

ese ‘‘little things.’’ 

The hormones, produced in our own 
glands of internal and the 
vitamins, produced in plant life and 
taken into our bodies in our food, are 
perfectly definite chemical principles or 
ompounds—as definite in their compo- 
sition and well- 
known drugs as morphine, quinine and 
strychnine. 

Chemistry’s first function has been to 
isolate these mysterious and powerful 
agents as pure crystalline compounds, 
exactly as one of its great contributions 
to medicine in the past was to isolate 
from crude drugs the pure alkaloids. 
These pure principles, strychnine, atro- 
pine and many others, gave physicians 
the opportunity of using exact doses to 
secure perfectly definite effects in place 
of haphazard results with the crude 
drugs; it beeame possible by hypodermic 
or intravenous injections to obtain al- 
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secretion, 


actions as are such 
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most instantaneous results. We 
witnessing the extension of thi 
of the situation 
mones. 


in the use 
Thus, epinephrine, or adrenalin 
is more frequently called, is the first 
the hormones isolated by chemistry, 
that great leader, John J. Abel, 
Johns Hopkins University; its avai 
the form of pure cryst 
saved many a life. Stillborn babie: 


ity in 


been revived by its aid and saved 
normal and useful lives 
my own personal kn 
A mother lay ready for chil 

birth in the Chicago Lying-In Hospital 
but with a heart too weak for the strain 
Her heart had actually stopped beating 
and the eminent 
necessity of sacrificing the 


One insta 
wwledge may 


est you. 


obstetrician faced the 
mother 
save the child by a Caesarean section, 

he allowed one minute more for 
jection of epinephrine. The he 
sponded, the mother revived, 

the support of epinephrine 
through her ordeal. To-day 
mother and child are alive 
thanks to Abel and his tool, 
and to up-to-date courageous medical 
Note that these signal services of 


been made possible 


Dass¢ d 


bot 
1) 


and we 


chemistry, 


care. 
medicine have 
by the isolation of the pure crystalline 
principle to be injected in 
tion 
even into the heart, at 
physician. The 
drug is milligram, 
weight of an ordinary particle of s: 


only 


sterile solu 
intravenously or 
the 


hypodermically, 


will Ol t] e 


dose 


of this powerful 


one less thi 
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After isolating a pure hormone chem- 
istry determines what we call the struc- 
ture of the molecules of the principle - 
that is, the exact manner in which the 
atoms of carbon, hydrogen, oxygen and 
nitrogen are linked together. This the 
chemist does by a study of the fragments 
when he breaks up the principle and by 
a reconstruction of the molecule. The 
way is thus opened to the artificial prep- 
aration of the vital principle. This has 
been done for epinephrine, and the arti- 
ficial compound is in common use. This 
study of the structures of hormones may 
well lead to attempted improvements on 
Mother Nature’s products. A famous 
illustration of this possibility is the local 
anesthetic cocaine, an invaluable aid in 
surgery. The knowledge of the struc- 
ture of cocaine led to the artificial drug 
novocaine or procaine, which is less 
poisonous than cocaine, very much 
cheaper and not habit-forming, as co- 
caine is. Thousands of operations are 
now carried out under the influence of 
procaine and similar creations of the 
chemist. In asimilar way man’s intelli- 
gence may endeavor in time to improve 
on blind nature’s hormones; the results 
might be of inestimable benefit to indi- 
viduals and to the race. 

Epinephrine is found in the medulla 
of the adrenal glands, small glands lo- 
cated just above the kidneys. In the 
last years the attention of medicine has 
been directed intensively to a second 
hormone found in the cortex of the 
gland. Degeneration of the cortex 
eauses Addison’s disease, a wasting, 
hopeless disease. Many chemists and 
medical men have sought for the active 
principle of the cortex. In September, 
1931, Dr. F. A. Hartman, of the Univer- 
sity of Buffalo, electrified the world by 
describing the effects of a particularly 
active extract of this principle, which he 
named cortin. Thus, an apparently life- 
less man suffering from Addison’s dis- 
ease was first revived by an injection of 
epinephrine and then by treatment with 


cortin restored to partial healt 
three days. Cortin and simi 
are now being used regular]; 
pitals. There is another side t 
of primary interest to chemist 
public. Cortin is so sear 
adrenals of 50 to 150 head of 
only a single day’s dosage { 
from the disease. The dose « 


lars. It is vital that chemists 


absolutely pure principle ai 


delay determine its molecu 

so that efforts for its artificial p1 
can at once be started. | 
that Dr. E. C. Kendall, of 
Foundation, has made import 
ress in this direction. 

Kendall, in 1915, diseoy 
talline principle thyroxine, 
portant hormone in the thyr 
and he demonstrated that a 
small as a pinhead a day for a» 
sufficient to change a poor littl 
dwarfed in mind and body, 
healthy, happy and normal 
1926, Harington, in London, su 
in determining the structure of 
cules, and within a year Hari: 
Barger prepared the hormone 
cially. Synthetic thyroxine is 
in medicine. 

The story of the hormone insu 
sugar-consuming principle of ou 
is too well known to require n 
brief comment. It has saved 
longed the lives of hundreds of 


sands of diabetics. The pure hor 


was finally prepared by the \v 
Abel, of the Johns Hopkins Uni 
Unfortunately its molecular com 
and structure are very complex 
probably be a matter of years still 
complete chemical knowledge will 
possible its artificial preparati 
open the way to carefully 
efforts to improve on nature’s 
work. The most pressing need 
provement is to discover a sul 
which can be taken by mouth 
than by hypodermic injection. 
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most decisive progress 
been made in the isolation of the 
those of the 
There seem to be no 
involved in its 


One of 


rmones, especially 
ile organism. 
than five of these 
racteristic activities. 
‘iples is especially well character- 
It was 


these 


| chemically and biologically. 
first isolated by an American, Dr. Doisy, 
St. Louis University, named it 
It contains no sulfur or nitro- 

ron and its molecule contains 42 atoms 


f carbon, hydrogen and oxygen. In- 


who 


minute quantities as 
(two millionths 


jection of such 
1/8000 of a milligram 
fa grain) in unsexed white rats devel- 
yps normal sex activity. As an indica- 
tion of what the future may hold for us 
vhen synthetic chemistry may attempt 

» modify and improve on hormones, a 
fact observed by Butenandt is note- 
worthy, namely, whereas natural thee- 
lin is effective in an animal for three 
days, its benzoyl ester, an artificial de- 
rivative, is active for eleven to sixteen 
days—probably as a result of a slower 
elimination. 

Theelin is already used in medical 
practise: in a tragic case of dementia 
following the exhaustion of childbirth, 
ifter years of ineffectual treatment and 
hospitalization, theelin at last has given 
beneficial results. In a similar fashion 
extracts of ovarian principles are often 
found beneficial in relieving the high 
blood pressure and similar effects of the 
menopause in women. 

The possibilities of hormone therapy 
in the alleviation of certain mental dis- 
eases in general are most encouraging. 
Dr. Hoskins, of Harvard, has reported 
that five out of eighteen victims of the 
dread disease dementia praecox were so 
benefited by the thyroid hormone that 
they could be discharged from treat- 
ment. The sooner chemistry offers 
medicine the pure hormones, so that ex- 
act therapy can be used, the more rapid 
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> Same type 
operative efforts of 
cine is to be obs rved 
field of vitamins 
butter and fish-liver 
lated by 
land and 


has been determined. 


Karrer 


Professor 
the structure of its m 
There sh 

no unusual difficulty in prepari 
artificially. A Nobel prize was award 
to Professor Windaus, of Gottingen, for 
the of the 
principle, vitamin B, as obtained from 


isolation pure anti-neuritic 
a specific for 


Vitamin 


yeast, and of vitamin D, 
the cure of rickets in children 
C has also been isolated in pure form by 
two or three independent investigators 
The effectiveness of these pure princi 
thus ergosterol, the 
precursor of vitamin D, in 
50,000 of a 


ples is astonishing: 
chemical 
milli 
gram, cures rickets in a mouse—that is, 
there would be perhaps 200.000 mouse 


doses aS small as 1] 


doses in a particle the size of a grain of 
salt. All these principles should soon be 
available for medicine. 

In conclusion, let me say that among 
the great problems facing the alliance of 
chemical and medical investigation is the 


discovery of how these powerful 


princl- 
ples, hormones and vitamins, bring about 
in such minute quantities their marvel- 
ous effects. Do they start a train of re- 
actions like a match applied to a fuse? 
Do they unlock doors as keys would? 
Or do they perchance act like express 
elevators in skyscrapers, acting on small 
units, over and over again, with marvel 
ous speed, thus facilitating the transfor- 
The 
field is a fascinating one for scientific in- 
vestigation and of the very greatest im- 
portance for medical control of life and 
health. 


mation of matter which spells life? 
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PESTS AWAY FROM HOME 


By Dr. L. O. KUNKEL 
HEAD, DIVISION OF PLANT PATHOLOGY OF THE DEPARTMENT OF ANIMAL AND PLANT PA 
ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH, PRINCETON, N.. 


DIFFICULTIES with plant disease and 
insect pests arise whenever anything is 
done which upsets those wonderful rela- 
tionships known as the balance in na- 
ture. When, for example, a disease or 
insect pest is accidentally carried from 
its native home to a new country, it fre- 
quently upsets the balance existing 
among the species in that country. In 
1904 a fungus disease known as ‘‘chest- 
nut blight’’ was found to be killing 
chestnut trees in the vicinity of New 
York City. From the port of New York, 
into which it is believed to have been in- 
troduced from China, the disease has 
spread throughout most of the eastern 
states. In this vast region not a single 
tree of the native American chestnut is 
known to have escaped infection, and 
not one has been found which success- 
fully resists the disease. 

It takes about ten years for the blight 
fungus to destroy all the chestnut trees 
in any area which it invades. At the 
present time it is killing the last of the 
chestnut forests in the southern Appa- 
lachian Mountains. Here the chestnut 
represents about 25 per cent. of the for- 
est stand over an area of about thirty- 
three million acres. The chestnut trees 
in this region occupy about 34 million 
acres, and if harvested would yield 
about fifteen billion board feet of lum- 
ber. Millions of dead trees still stand in 
the forests through which the blight 
fungus has _ passed. If harvested 
promptly these trees yield a good grade 
of lumber. They may also be used for 
the production of extract wood, pulp 
wood and fire-wood. Many of them, 


however, can not be harvested promptly. 
They must be left to rot and are a total 
loss. 





As the blight spreads from 
region by means of innumerable 
wind-blown spores, the question aris 
to whether the native American 
nut, Castanea dentata, will even 
become extinct. In the mount 
Pennsylvania, and in some other 
where the chestnut did not gr 


trees have not been killed outrig 
above-ground portions are dead, | 
roots and crowns have remained 
and have sent up strong shoots 

of the shoots have become infect: 
have been killed, but many others 
because they have escaped infect 
because they possess a certain deg 
resistance to the fungus, have rea 
considerable size and have borne 
nuts. If some of these nuts shou! 
duce trees that are more resistant 
their parents, and these trees in 
should give a progeny of varying 1 
tance, it is possible, since only t! 
resistant would 
nuts, that the species may in tin 
tablish itself in the forests from 

it has been swept. The final oute 
the struggle which the chestnut tr 
waging against extinction by the | 
nese blight disease can not be pred 
at present. 

If, now, we inquire into the bel 
of this terrible blight fungus in its 
tive land, we find that it does not ce: 
a serious disease of the chestnut 
there. When at home it 
Chinese hairy chestnut, Castanea n 
stma, which is a close relative of 
American species. These trees are 
badly injured by the disease. This 1s 
doubtless because the Chinese chestnut 
having been parasitized by the Dlig! 


survive and pl 


lives on 








grou] 
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rus over a very long period of time, 


1s developed a resistance sufficient to 
1 it in check. The American chest- 


having had no previous contact 

with the disease, has developed no resis- 
inee. Crosses are being made between 
sus eptible American chestnuts and re- 
sistant Chinese trees. It may be possi- 
ble to obtain hybrids having most of the 
d qualities of the American species 


mbined with resistance to blight shown 


Oriental species. 
“Two years after the chestnut blight 
is found near New York City, another 
foreign tree parasite was discovered at 
Geneva, New York. This pest, which is 
ilso a fungus, attacks all the eight spe- 
ies of native American white pines. It 
is known as the ‘‘white pine blister 
‘ust.’’ It is impossible to estimate the 
image which this parasite has already 
me. Many pine trees of great com- 
reial value have been destroyed. 
Many others, occupying large areas of 
rest lands in thirty-eight states, are 
reatened with destruction. Millions 
dollars have been spent in attempts 
to hold it under control. Nevertheless, 
has spread throughout New England 
ind into the states of New Jersey, Penn- 
sylvania, Michigan, Minnesota, Wiscon- 
sin, Washington and Oregon. 

Like the chestnut blight fungus, the 
blister rust spreads by means of small 
spores. On germination the spores pro- 
duce the parasite which usually infects 
twigs at the bases of the leaf fascicles. 
From the small twigs it grows into the 
large branches and often into the trunk. 
lt kills the trees by girdling them. 

In one important respect this parasite 

iffers greatly from that of the chestnut 
blight. It belongs to that interesting 
group of fungi which require two en- 
tirely different kinds of host plants. In 
rder to complete its life cycle, the white 
pine blister rust fungus must find a eur- 
rant or a gooseberry bush as well as a 
pine tree on which to live. Spores pro- 
duced on pines are able to infect cur- 


( 
A 





SCIENCE SERVICE RADIO TALKS 





not, therefore, spread 


rants and gooseberries infec 
no currants or } 
able. the funcus ea 
This dependence 


Poors eberries 


the currant a! 


The chief we akness 


sure is the diffi 


crow as wild 


A parasitic fungus 


the white pine b 


(Jood results ha 


trolling the bli 


ing the disease i 
of the United States 
parasite living another parasite 


nishes a good illustrat 


All living things, 


tack by other li 


Those W ho have 


blight fungus, 
coming direct 


the chestnut 


The blister rust 
Siberia, where i 


of Pinus Ce mbra, 





456 


posed to the parasite over a long period 
time, has acquired sufficient resistance 
Our white pine 


_ . . ’ 
to hold it in cheek. 


species are equally resistant to most of 
the pine diseases endemic in this coun- 
try. They have, however, had no oppor- 
tunity to develop resistance to foreign 
parasites such as the blister rust. 

The chestnut blight fungus is believed 
to have reached this country on chestnut 
trees imported from China, the blister 
white pine trees im- 
If these parasites 


rust fungus on 
ported from Europe. 
had caused severe and conspicuous dis- 
eases in Asia, they might never have 
escaped from that country. The mild- 
ness of the diseases they produce there 
prevented their being recognized and 
eliminated from trees selected for ex- 
port. Both reached this country before 
the enactment of plant quarantine laws. 


THE EARLY 


THE SCIENTIFIC MONTHLY 


These two diseases whi *h 
so much indicate how dane 
permit the entrance of 
eases into this country. 
ing examples of foreign 
which have become establis! 
are doing much more damage { 


were known to do in 
countries could be cited if tir 
ted. <A similar behavior mig 


described 


ever 


for some of our 
pests which have become estal 
Europe and elsewhere. Obse 
seemingly harmless insects n 
brought into any new environ 
upset the balance in nature as t 
veritable Likewise, 
which are almost, if not quite, 
in their native lands frequent}; 
have in the most alarming fas] 
taken away from home. 


scourges. 


IRISH RACE 


By Dr. JAMES A. GEARY 
DEPARTMENT OF COMPARATIVE PHILOLOGY AND CELTIC LANGUAGES, CATHOLIC 
UNIVERSITY OF AMERICA 


Tue racial history of Ireland still 
awaits serious investigation. Much that 
was written up to about fifty years ago 
about Phoenician and Spanish strains in 
the Irish people was based on insecure 
legends or even on fancies of the flimsi- 
est kind. This brief talk will not deal 
with any elements that may have 
reached Ireland since the fifth century 
of our era, but will confine itself to the 
ancient constituents of the Irish people 
in St. Patrick’s time, as far as these can 
be distinguished at the present moment. 

For the earliest period, information 
ean be obtained only from the examina- 
tion of very ancient skeletal remains re- 
vealed by excavations. Such discoveries 
have been relatively few, for systematic 
investigation remains to be carried out. 
Altogether, hardly five hundred skele- 
tons or skulls have been found. But 





nearly 80 per cent. of the oldest 

are either long or medium in pro] 

to the width, and the older the 

the greater the percentage of long 
Broad or round skulls do not app: 
any numbers till far into the C] 

era. I may note that long skulls 
those whose width is 

fourths of their length; broad or r 
skulls have a width of four fiftl 
more of their length; those in bet 
are called medium. 

As to stature, the indications ar 
these early skeletons are short to 
dium: for men, they vary from 5 
inches to 5 feet 9 inches; for wor 
from 5 feet to 5 feet 5 inches. As t 
color of complexion, hair and eyes, 
course no traces of such traits can be lett skulls 
after a lapse of four thousand years. 

The presence in Ireland, two thousa! 


+ 


less than 


ance 
in Ir 
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m-statured race 
1 skulls is quite in harmony with 


discoveries made on 


the continent ol 


found that the 


it is 
**naleolithic’’ age is 
- that at 

» end of this period some broad skulls 
ippear, and that d 
ished-stone’’ or 


ese broad skulls become more frequent 


long skulls, but 


uring the succeeding 
ie 
age 


ile also a mixed type, like that of the 
Irish skulls, appears. 
the 
race, which is medium 


The long skulls are ascribed to 
‘‘Mediterranean’”’ 
stature and dark in complexion, hair 
The broad skulls are aseribed 
‘Alpine’’ “ace, 
lighter coloration and 
tockier build than the ‘‘Mediterra- 
but is like it in its medium 
iture. At a later period the ‘‘Teu- 
nic’’ race appears, with all the traits 
ittributed by the Greek and Roman 
the Celts and Germans, 
namely, a combination of long-headed- 
ness with tall stature and fair or reddish 
iir and blue eyes. By the mixture of 
the ‘‘Mediterranean’’ and ‘‘Alpine’’ 
types arose the medium type of skull 
found in Ireland, as well as in England 
and on the continent. But the broad 
skulls found in the latter places are al- 
most entirely lacking in Ireland. In 
Scandinavia, if Montelius is correct, the 
burials show round skulls, and 
the later stone age burials show skulls of 
the Teutonie type. 
Following the two stone ages came the 


ind eyes. 
what is now ealled the 


‘ 


ich shows 


writers to 


ldest 


‘“‘bronze’’ age, with weapons, tools and 
utensils of bronze, which gradually show 
an increasing perfection of design and 
especially of decoration. The bronze age 
is plentifully represented in Ireland, as 
t is all over Europe. In England, the 
use of bronze is associated with burials 
which eontain round as long 
However, there is no appear- 
ance of any new type of human beings 
in Ireland along with this new kind of 


as well 


skulls. 


ALKS 
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] ne peop! , 


date were called 


the same stock as 


Fir Domnann, it is possible 


was a migration from Cornwall 
land; but no reason 


this 


IS apparen 
intro 


+} 
ul 


necting with the 
bronze into Ireland. On 
we know positively that there was an ¢ 
tensive trade between Ireland and the 


the bronze age, for 


continent during 
Ireland had easily worked deposits of 
gold, especially in Wicklow, and certain 
types of gold ornaments—tores and cres- 
eents—characteristic of Ireland are 
found scattered over Europe in bronze 
age deposits, and even as far east as 
ancient Troy near the Bosphorus 
The bronze age appears to have lasted 
from 2000 till about 
400 B. C. without any the 
physical make-up of the inhabitants 
The use of iron began on the continent 
about 900 B. C. in the Danube Valley, 
in what was later called Austria. The 
first period of the iron age is called the 
Hallstatt period, and lasted till about 
400 B. C. on the continent. But in Ire 
land nothing Hallstatt im- 
plements is found, except occasional ob 
jects that stand out in contrast 
purely bronze-age culture 
ence is explainable by trade. 
B. C. began, on the continent, the second 
phase of the iron age, called the La 
Téne period. The Irish iron-age objects 
belong clearly to this second phase of 
iron-age culture. 
culture developed in Ireland only after 


in [Ireland about 


change in 


resembling 


to a 
Their pres- 
heir pres 


About 400 


Consequently, this 
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400 B. C., and we kill two birds with one 
stone if we postulate the arrival of the 
Gaels somewhere about the middle of 
the fourth century B. C. 

This harmonizes 
what we know of the people called Celts 
in central Europe. It is commonly ac- 
cepted that if the Celts of central Eu- 
rope did not themselves discover the use 
of iron in the Hallstatt region about 900 
B. C., at least their neighbors, the Illyri- 
ans, did, and the Celts made good use of 
the discovery. Their expansion into 
Gaul probably took place between 900 
and 600 B. C. This would explain the 
finding of iron weapons beside tall, long- 
headed skeletons buried beneath mounds 
in the Marne region. In the course of 
time they were amalgamated more and 
more completely with the primitive pop- 
ulation of Gaul north of the Garonne, 
which was a mixture of the Mediterra- 
nean race with immigrants of the Alpine 
race, besides having absorbed remnants 
of the long-headed, stone-age 
types. retained 
their tall and fair traits in Caesar’s 
time, for that is how he describes the 
Gauls, probably referring to the leaders 
than the rank and file of the 


supposition with 


taller, 
The ruling class still 


rather 
people. 

Around 400 B. C. another period of ex- 
pansion took place among the Celts of 
central Europe which brought them into 
Italy, where they oceupied the Po val- 
ley, from which they advanced south- 
ward, capturing Rome in 390 B. C. The 
movement went on north of the Alps 
and seems to account for the presence in 
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from about 400 B. C. down. Tt 
clear whether the Celts who ente) 
land at this under the 1 


Gaels—anciently Goidels—were 


time 


or men of the same type as t! 
class of the Galli. In 
seem to be characterized, in Ire 
tall stature, 
fair hair—in other words, the M 
type. There is evidence, howe, 
the Belgae did send 
land, though perhaps at a 
Ptolemy, the geographer of the ; 
century A. D., gives us a map of |] 
on which are placed the names 
tain tribes. On the eastern coast 
the Manapii, which is also the 1 
a tribe in northeastern Belgium or 
ern Holland. The 
that of County 
other names given by Ptolemy res 
those of tribes situated near the R 
some of them being perhaps G: 


any cas 


long skulls and { 


eotonies 


name still 


Fermanagh. §S 


tribes. 

These observations do not cont 
the descriptions of races that we « 
from the old literature of Ih 
There we find frequent references 1 
tall stature, the long yellow, go! 
reddish hair and the gray or blue 
of the ruling classes and their heroes 


sharp contrast to the short, stocky 


and the short black or brown | 
menials or of enemies in general 
shows the contrast between the 
and their predecessors in the countr: 
seen by the Gaels themselves. 

As to the Picts, the question is 
more difficult. They were recogni 


+ 


distinct in northeast Ulster up 
eighth century A. D., and were ass 
also to several other parts of Ire 
where they did not retain their identi 
They occupied Seotland, w! 
they are mentioned historically 
about 400 A. D. But as to their 
scription and their relationship t 
Caledonians and other peoples, we 
entirely in the dark. Another race n 


northern Gaul and in Belgium of the 
Belgae, who, according to Caesar, were 
fiereer and ruder than the Galli of the 
middle portion of Gaul. Some of the 
Celts taking part in this second irrup- 
tion into Gaul seem to have entered Ire- 
land by sea during the fourth century 
B. C., bringing with them the same 
types of iron weapons and utensils that 
characterize the Celts on the continent 


also 
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d is that of the Fomoraigh, de- 
bed as black, and as making pirati- 
incursions from the north by sea. 
we can say about them is that their 
to folk’’ 


| to be the etymological equivalent of 


seems mean ‘‘seashore 
» German Pommern, which is from the 
**seashore 
**the 


are a 


Slavic Pomore, meaning also 
k’? The Tuatha Dé Danaan, 
the goddess Danu,’’ 


mythical people who really represent the 


bes of 


rods of the old Pantheon; though it is 


ue that some early writers describe 
em aS a race of men. 

As to the language spoken by the 
irious racial types that go to form the 
rish people, there is no evidence of any 
ther language but Gaelic being spoken 
in Ireland during the historical period. 
In the old 
e various 


stories representatives of 
converse in 
hostile fashion without 
iny suggestion of a difference of 
lage or even of dialect. 
he Picts of northern Scotland, there is 
mention later that 
‘olumkille and his disciples had need of 


racial groups 
friendly or in 
lan- 
In the case of 
on the missionary 
terpreters when they went to preach 
to them; while in southern Scotland 
where the Picts were closely associated 
with the Seots, as the Gaels were called 
there appears to have been no such 
1d. There are also some inscriptions 
und in Scotland, thought to be Pictish, 
which have not yet been interpreted. In 
Ireland, no remains of a non-Celtie lan- 
guage are found, except in certain geo- 
graphical names, like that of the Shan- 
non River and some others. Does this 
indicate that the predecessors of the 
Gaels already spoke a Celtic language 
when they arrived in Ireland? I think 
not, for the pre-Gaelic population goes 
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back without any seri 
to the 
which time Celt: 


change 


central Europe 
of the shorter element 
or Gauls of the central 
in Caesar’s time 
that 
**Celtie’’ 

2 


race which during the polished-ston 


some 


bronze ages mixed with the 
**\Mediterranean’’ 


the 1 


headed 
duce 1edium-hea¢ 
statured, medium-color 
much like the basic element 
There is no evidence that t] 
Celts in existence at th: 
any time before 900 B. C 
use of the term, the ‘‘ 
who used a Celtic 

earliest description: 

ike 


speaking a Celtic guage m 


} ] } 


tall and fair like » ear! 
While it is possible that 


iest Germal 


the pre (‘elt 


population of western Europe used some 


other form of Indo 


we do not vet know what 


European 


) 


spoken either in Gaul or 


into Gaul about 900 B. C. and 
about 400 B. C., and into Ireland : 
after 400 B. C. But tl spe 
Celtic spread their language ov 
populations they subdued, and 
pletely that only the barest trac 


any older la 


ese 


main of cuage 


eases a homogeneous people 


dueed. not indeed in 
anthropological sense, but in a lin; 


the physica 


tic, psychological, cultural and natio 
National 
physical basis, but on the basis of a co 
] 


sense. unity rests, not o 


mon culture, a common historieca 


opment and a common ideal of life 


[relat dd 


fore the coming of the historical 





NOCTURNAL DREAMS 


By Professor WARREN C. MIDDLETON 


DEPARTMENT OF PSYCHOLOGY, DEPAUW UNIVERSITY 


ScIENTIFIC data pertaining to dream rived from a questionnaire-census 
phenomena are admittedly inadequate. ordinary dream experiences of a 
The paucity of experimental studies number of unselected college sty 
upon the problem of dreams is chiefly enrolled in various psychology 
due to the difficulty of applying experi- Originally, this material grew 
mental techniques; a scientific investiga- much more comprehensive survey, 
tion of dreams by either objective or in- dealt with psychopathic and ps) 
trospective methods is for obvious rea- neurotic tendencies, and sleep p! 
sons exceedingly difficult. The content ena other than dreaming. Only 
of dreams has been studied traditionally items pertaining to nocturnal d: 
by the introspective and the question- will be considered here. The sul 
naire methods. Bentley,’ for example, used in this study comprised 170 
has achieved some rather meager, though lege students—81 men and 89 w 
valuable, results from an introspective All of them had sometime previous 
technique, which he describes with con- been given two class lectures on th 
siderable confidence. Introspection here, tations and the inadequacies of subj 
however, as elsewhere, has many limita- tive methods of securing psycho 
tions and imperfections. ‘‘It is almost data, and they had been properly 
impossible,’’ suggests Morgan, ‘‘to get vised of the necessary precautions t 
an experienced observer to narrate a_ taken in the use of such methods. F 
dream without interpolating explanatory thermore, a majority of the subjects | 
and organizing material.’’? Moreover, a been instructed previously in on 
study of dream content by introspection their psychology courses concerning t 
is largely a study by retrospection. Ac- special limitations of the question: 
cordingly, Calkins remarks: ‘‘The diffi- method of investigation. Thus, 
culty of remembering dreams suggests, possible step was taken to prevent 
of course, the impossibility of an exhaus- unnecessary abuse of the techniques | 
tive enumeration of their peculiarities be used. 
and any positive conclusions from the The subjects were first informed 
figures. Pte the examiner of the nature of the ques- 

The present discussion attempts tionnaire. They were repeatedly told 
neither to set forth an experimental that the data were to be used for statist 
technique nor to suggest a theoretical cal purposes only. They were urged 1 
approach to the problem of dream con- use the utmost caution, and they v 
tent; nor is it concerned with the etiol- instructed that, in no case, were they 
ogy of dreams. It merely deals with the answer any question unless they w 
reporting of a few interesting facts de- fairly positive that their answers 

1M. Bentley, ‘‘The Study of Dreams; A Correct. Finally, they were assur: 
Method Adapted to the Seminary,’’ Amer. Jour. their answers would be kept strictly 
Psychol., 26: 196-210, 1915. fidential, inasmuch as their names W 

2J. J. B. Morgan, ‘*The Psychology of Ab- not to be affixed to their papers. 
normal People,’’ p. 406. New York: Long- 5 ei 
The general procedure was as fo1io\ 


mans, Green and Company, 1928. : . s : 1 he 
$M. W. Calkins, ‘‘Statisties of Dreams,’? The questionnaire items were dictated ' 


Amer. Jour. Psychol., 5: 312, 1892-93. the examiner instead of being distrib- 
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stion until they 


mimeographed form. 
ts of paper were placed in the han 
subject. At the top of t 
eet the subject was told to sig- 


his age, collegiate classification and 


J 
A 


The items of tl 


e questionn 
lictated by the examiner, each item 


¢ read twice. The subjects were 


lly instructed not to answer any 


were told 





two minutes were 4al- 





Irom one to 
1 for each questionnaire item. 


subjects gave their answers to 


‘+h question in accordance with the spe- 


ic instructions of the examiner, and at 


nstrued meanings. 


r each questionnaire 


ified time. F< 
the examiner took sufficient time to 


ir up any ambiguous terms or mis- 


In spite of such 


instructions, however, several 


ts failed in many instances to re- 


md according to directions (as is usu- 
y the case in a questionnaire survey of 
is kind), and their answers had to be 
red statistically. 
The questionnaire items appear below, 
it space does not permit the statistical 
ibulation of results, with responses for 
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o} 











sex and totals for both sexes. 


THE QUESTIONNAIRE 


Do you dream? 

b) About how muchf 

Do your dreams appear to be simple or 
complicated ? 

(a) Do you have fear dreams? 
b) About how frequently? 

Are you usually an active participant in 
your dreams? 

Would you say that your dreams usually 
contain some element from the experi- 
ence of the previous day? 

a) Do you have dreams which seem to 

‘*come true?’’ 

b) To what extent? 

Do you have dreams of soaring, falling, or 
flying? 

a) Do you have dreams of frustrated 

effort? 

(b) How common are such dreams? 

(¢) Would you judge yourself as having 

an inferiority complex? ; 

(d) Do your dreams of frustrated effort 

seem to be related in any way with 

your inferiority complex? 
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29. Do you consider any of your dreams as in 
any way supernatural? 

Do your dreams ever seem to result from 

prolonged anxiety? 

(a) Do you day-dream a great deal? 

(b) Does the content of your day-dreams 
seem to be closely related to the 
content of your nocturnal dreams? 

Do you think that any of your dreams have 

ever produced in subsequent waking ac- 
tivity any of the following: 

(a) Any prolonged moods? 

(b) Any false recollections? 

(ec) Any fears? 

(d) Any delusions? 

(e) Any obsessions? 

(f) Any conduct disorders? 


Only a very meager portion of the re- 
sults obtained from the foregoing ques- 
tionnaire can be reported here. In gen- 
eral, the data demonstrated that there 
was not any one essential aspect or at- 
tribute common to the dream activity of 
all individuals—a feature that must al- 
ways be present. Each dream seemed to 
be unique and individual in some par- 
ticular aspect or aspects. The matter of 
individual differences was, therefore, 
very apparent; there were great in- 
dividual differences among individual 
dreamers. 

The data also indicated that sex differ- 
ences, if they existed at all, were not 
sharply enough differentiated to be con- 
sidered very significant. Twice as many 
men as women reported that they 
dreamed of being nude; they had such 
dreams much more frequently and the 
dream of nudity caused them much less 
embarrassment. Women were inclined 
to tell their dreams to friends almost 
twice as much as men. About twice as 
many men as women reported that their 
dreams appeared to be an imaginary ful- 
fillment of a repressed sexual wish. More 
men than women also reported that their 
dreams often violated their moral prin- 
ciples. These few differences, mainly of 
a sexual character, were clearly evident; 
but the number of cases (170) was so 
few that it would be extremely hazardous 
to draw any definite conclusions as to 
sex differences from such limited data. 


The general trends are suggesti) 
there is the possibility that, if t) 
were greatly increased, the sexes 1 
show considerably less differentiat 
perhaps no differentiation at all. 

The data demonstrated certai: 
general tendencies, however, and so) 
the more interesting trends indic 
the questionnaire were: 

(1) The subjects were almost 
mous (99.4 per cent.) in saying 
they dreamed, but they differed 
in the amount of dreaming.  T! 
sumption that sleep is usually dr 
is certainly not borne out, and, as Fis 
has suggested, ‘‘is really witho 
slightest factual basis to support 
De Sanctis and Neyroz’® have, 
opinion of the author, present 
logical data for postulating a cont 
of mental activity during sleep 

(2) Sixty-nine per cent. (69.4 
cent.) of the subjects reported that 1 
dreams were complicated rather 


simple. This might be expect 
adult dreams, although, according 


one investigator,® the dreams of 
dren appear to be very simple a 
rect, consisting often of mere imag 
wish fulfillments. 

(3) Ninety-two per cent. (92.9 
cent.) of the subjects reported that t 
were usually active participators in 1 
dreams. This reveals nothing new 
unusual. In fact, it is generally 
tended that a child is practically alway, 
a very active participant in the drea 
situation—an adult, only a little less s 

(4) Only a very small majority (01.2 
per cent.) of the subjects reported t 
their dreams usually contained some « 
ment from the experience of the pr 
vious day. This does not support 


4V. E. Fisher, ‘‘An Introduction to 
normal Psychology,’’ p. 379. New York: T! 
Macmillan Company, 1929. 

58. De Sanctis and U. Neyroz, 
mental Investigations concerning th« 
Sleep,’’ Psychol. Rev., 9: 254-282, 1902. 

6 C. W. Kimmins, ‘‘Children’s Dreams,’’ New 
York: Longmans, Green and Company, 19° 
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ide-spread belief of those who say that 
. dream invariably contains some aspect 
previous day’s experience (the 
lav followed by the night of the dream), 
though as some observers have noted, 
this may be true in the dream experience 
I the child. 
5) Eighty-nine per cent. (89.5 
nt of the reported that 
they had dreams of effort, 
though these dreams were not especially 
This questionnaire might in- 
perhaps 


per 
subjects 
frustrated 


frequent. 
that such 
common than 
particularly among many types 
Indeed, 
very careful analysis might possibly 
ndicate that a large percentage of all 


be classi 


eate dreams are 


ual 


more is generally sup- 


f psychoneurotic personalities. 


nocturnal dreams should 
fundamentally, as 
frus 


dd, basically and 
dreams involving the element of 
trated effort. 

6) Thirty-three per cent. (33.9 per 
nt.) of the subjects indicated that they 
ad dreams of being nude, though such 

dreams were not especially frequent. 
The subjects were about equally divided 
upon the question of embarrassment 
caused by a dream of nudity. These 
data may indicate that the great stress 
upon ‘‘utter lack of embarrassment’’ 
accompanying such dream experiences, 
which has been so much emphasized by 
certain modern writers, is probably ex- 
aggerated and has no real factual basis. 
7) Ninety-six per cent. (96.3 per 
cent.) of the subjects reported visual 
imagery to be more frequent in dreams 


than auditory. imagery. This much 
greater proportion of visual imagery 


supports the findings of practically all 
investigators of dream phenomena. Calk- 
ins,’ for example, found visual images 
to be related to auditory in the ratio of 
3 to 2. Bentley® also found visual im- 
ages slightly more frequent in the 
dreams of his subjects than auditory— 
visual 59, and auditory 51. Morgan 
summarizes the literature on the subject 

* Op. cit., 321. 

5 Op. cit., 202, 
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cent.) of the subjects ri 
did not get any e& 
dreams. In like manner, Bentley’® fou 
that colors appeared in the dreams of 

11) but that gr 







subjects occasionally 







imagery was the rule (48) 
(9) Sixty-six per cent. (66.6 | 
cent.) of the subjects were inclined 






the belief that the 
dreams, which is a conclusion quite cor 
trary to the generally accepted view t 

all thought 
during sleep 






processes are in adeva 






These data seem 
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1 the findings of Bentle 
‘We are told that * pe 


in dreams, that dr 





who comments: ° 


ple’ do not think 
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are wholly irrational, that incongru 






not recognized, that dreams do 


are 
pursue a given topic, 






and what not I) 






our own introspections we found 
of these 


not ¢ 





generalizations to hold 






However, Bentley is careful to add 
‘‘thinking is rare and, as a rule, in 
fective.’"** To be sure, Coleridg 
cording to his own account, got his 






spiration for Aubla Khan in an opiun 
dream; and Tartini, the celebrated Ita 
is said to have told Lelande 






ian violinist, 
that he composed the sonata, Jl Trill 
del Diavolo, or ‘* The Devil’s Sonat Tg 








the result of a dream. Likewise, ther 
are many reports of difficult problems 
having been solved during dream activ 
ity, but one is necessarily led to conclu 





that thinking is very ineffective 
dreams of most of us. 

(10) A majority of the subjects ind 
cated that their dreams were inclined t: 
be pleasant rather than unpleasant. This 








affective element of pleasantness is 
keeping with the Freudian interpré 


However. it does } 





+ 






tion of dreams. 





9 Op. cit., 405. 
10 Loc. cit. 

11 Op. cit., 208 
12 Op. cit., 209. 
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bear out the investigation of Bentley,” 


who found unpleasant dreams to appear 
about twice as often as pleasant ones. 

(11) Seventy-four per cent. (74.8 per 
cent.) of the subjects reported that 
dreams were dismissed from their minds 
(forgotten) easily and quickly. Morgan 
suggests that ‘‘this tendency to forget is 
not confined to unpleasant dreams but 
may affect pleasant ones or indifferent 
ones as well.’’!* 

(12) Forty-four per cent. (44.6 per 
cent.) of the subjects reported that 
dreams had produced prolonged moods 
in subsequent waking activity. This 
tendency has been clearly recognized by 
Conklin, who remarks: ‘‘The emotional 
accompaniment of a dream often carries 
over into the day following and serves 
to produce a mood of considerable dura- 
tion.’’** This may be true especially of 
psychoneurotie personalities, who are 
ever inclined to confuse their dream past 
with their waking past. 

(13) Thirty-six per cent. (36.4 per 
cent.) of the subjects reported that 
dreams had produced false recollections 
in subsequent waking activity. It does 
not seem at all unreasonable that this 
should happen rather frequently. ‘‘It is 
highly probable,’’ says Sully, ‘‘that our 
dreams are, to a large extent, answerable 
for the sense of familiarity that we some- 
times experience in visiting a new local- 
ity or in seeing a new face’’*® (param- 
nesia). 

13 Op. cit., 203. 

14 Op. cit., 409. 

15E, §. Conklin, ‘‘Principles of Abnormal 
Psychology,’’ p. 329. New York: Holt, 1927. 

16 J. Sully, ‘‘Illusions,’’ p. 274. New York: 
D. Appleton and Company, 1897. 


(14) Only a very smal 
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subjects 5.9 per 
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subjects 


sibly confused as to the exact 1 
**eonduct disorder.’’ However, 1 
a thing is possible would, of 
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teresting case, reported by 
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Waterman, in which, under 
hypnosis, an instance of klept 
could be traced back to a dream 


had occurred one and one half y 


viously. 
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As has been emphasized thr 


this questionnaire report is in 


extensive enoug! 
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to 
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base CO! 


upon, but it does point out to t! 


of dream phenomena certain in 


trends and tendencies, which, 
most part, have been substantiat 
by one’s own experience and by 
few experi 


vestigations of 


a 


The chief methods available for 
away popular superstitions and 
relative to dream content would s 
be (1) the extensive study of lar 
bers of children and adults by t! 
tionnaire-census method ; and 


tensive introspective study of sufi 
under ¢ 


numbers of subjects 


conditions. In any event, the au 
lieves that the questionnaire-census, 
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all its serious defects and limitati 


some value in the statistics of 
when used to supplement the di 
eured by other more refined methods 
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the quantity and quality of the harvest 
were subject to marked fluctuations, and 
unrestricted exploitation had in many 
sections practically exterminated the 
ovster beds 

It remained for a Japanese scientist 
to the of 
tainty in the pearl supply and to shift 
into the category of man- 
output 
market 


remove large factor uncer- 
the industry 
whose 


the 


controlled operations 


could be regulated to suit 


needs. 


A JAPANESE SCIENTIST ATTACKS 
THE PEARL PROBLEM 
The evolution of the cultivated pear! 
industry the life of 
Baron K. Mikimoto, the Japanese scien- 


represents work 
tist upon whose researches the industry 


rests. Born in Toba, in southeastern 
Japan, where pear! fishing was the chief 
means of livelihood, he early became in- 
terested in the improvement of the gems 
by the selection and cultivation of the 


1894 he had 


producing semi-spherical 


pearl oysters. By suc- 
ceeded in 
pearls attached to the shells, and 9 years 


later, he was able to exhibit perfectly 


AGO BAY 


formed pearls S| ortly after 
an to market them 
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THe Peart Harvest 
For several years an average of about 
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THE PROGRESS OF SCIENCE 
THE SCIENCE ADVISORY BOARD 


is Executive Order No. 6238 Government 
iT Roosevelt has appointed i or art wilt! 
» Advisory Board to consult with corporat 
ted States Government on mat academy) 
ertaining to science. The official whatever 
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of President 
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the plan of organization of the National The Science Advisory Boa: 
Research Council is provision for bring- twice and at its recent four-d 
ing together year by year outstanding in Washington it gave consid 
research men as chairmen of the techni three general problems 
eal divisions of the Council. They are The first was questions 
placed in a position to devote their main ganization, or functioning, 
attention to the study of the conditions of the scientific and technical s 
of research in their respective fields and the Government on which th 
have been a means for the encourage the board has been specifica 
ment of research in these fields The second was similar matte 
Among the various methods of con have otherwise come before 
tributing practical assistance to Amer- and which need attention i 
ican science in harmony with the gen- essential technical services s 
eral point of view outlined above, which impaired by economy, or unw 
the Council has so far adopted, perhaps be supported, as may easil: 
the most important is the establishment when the determining issues a 
of special committees of carefully chosen or highly technical. The third 
experts for specific scientific subjects or considerations of the more yo 
problems urgently needing considera policy of the Government towa 
tion. They plan modes of attack and __ tific work 
undertake to find men and means (with President Compton, chairma 
the assistance of the general administra- board, states that, inasmuc} 
tive offices of the Council) for carrying actual problems now under ¢ 


out the plan. Such problems may lie tion are pressing and of a cont 


either in the field of pure science or in nature, no discussion of them 
that of applied or industrial science. appropriate at this time. 
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PRESIDENT JAMES BRYANT CONANT OF HARVARD UNIVERSITY 


NEWLY ELECTED UNIVERSITY PRESIDENTS 


AT the opening of the academic year’ porary absences from ¢ 
newly elected presidents of three leading ing the war he 
eastern universities have taken up their Washington to 
work. They are Dr. James Bryant search and organi 
Conant at Harvard University, Dr. States Government 
Harold Willis Dodds at Princeton Uni much of his time 
versity and Dr. Harry Woodburn Chase ods of researc! 
at New York University man universities 

Born in Dorchester, Massachusetts, in Dr. Conant has 
1893, Dr. Conant entered Harvard Col- by his contributions 


lege in 1910 and has been identified with istry. His important work on 


this institution since that time as stu thesis in plants, pul 


dent, instructor, assistant and associate earned for him 


professor, Sheldon Emery professor of medal of the An 
organic chemistry, chairman of the ciety and the Chandler 
chemical division and now finally as bia University. Dr. ‘ 
president He is only five years older terested in the broad 
than Charles William Eliot, also a pro work and some of hi 
fessor of chemistry, when the latter as carried out jointly wit! 


sumed the presidency in 1869 at the age Bridgman, as wel! as wit 
{ thirty-five. He was granted two tem bers of the physics department 
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PRESIDENT HAROLD WILLIS DODDS OF PRINCETON UNIVERSI 


also received the cooperation of members 
of the staff of the department ot physiol 
ogy and of the medical school. 

In 1929 Dr. Conant was elected a 
member of the National Academy of Sci- 
ences and the following year he was ap- 
pointed a scientific director of the Rocke- 
feller Institute 

Professor Harold Willis Dodds, who 
has assumed the presidency of Princeton 
University, is only three years older than 
Professor Conant. He is Prineeton’s 
fifteenth preside nt and the youngest the 
university has had for 175 years. Born 
in Utiea, Pennsylvania, he attended 
Grove City College, where his father, a 
Presbyterian minister, was Bible pro- 
fessor. Thirteen of the fourteen preced- 
ing presidents had been clergymen. The 
one previous exception was Woodrow 
Wilson, who also entered the chief office 


of the university by way ol 


ship in polities. Wilson’s 


was a clergyman. 


Professor Dodds taught scho 


years before beginnin 


His rras 


oO 


work at Princeton, where he to 


master’s degree in 1914 
structor in economies at 
sity and later moved 


He be 
Purdue | 


to Philad 


where the University of Pennsy 


granted him his doctor’s degree i 


During the war-period 
ecutive secretary of the 


svivania for the U.S. F 


tion. He then served 
member of the faculty 


he acte 


» State of P 


‘ood Admu 


SLUCCeSS! 


ot Wester 


serve University (as assistant prof 
of polities), the University of Per 


vania (as part-time lecturer), Swa 


more College (as part-time lectu! 


New York University 


as part-time 
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CHANCELLOR HARRY WOODBURN CHASE OF 


rer) and Princeton University, where days in 
was professor of polities He devoted rendered 
of his time to the National Munici ican countries 
League from 1920 to 1928 when he 
“l as executive secretary and editor 
ts journal, The National Municipal 
ew. He retained the latter positio 
this year 
1922. on the recommendation ol 
retary Charles Evans Hughes, Pro- became 
r Dodds was appointed as electoral York | 
ser to the government of Nicaragua ceeded 
His first duty was to formulate an elec Duri 
law for the country hich, little 
red, is still known 1 ts citizens as 


‘Dodds Law.’” Two years later 


sident Diaz called upon him to super 


registration for the presidential 
tion in Niearagua, which then en 


} . 
| + 


i one of} the most peaceful election 





476 THE SCLENTIFIC MONTHLY 


three vears, he pushed forward plans for 1918, Dr. Chase, then a prof: 

the promotion of the university’s ser- chology, became in quick su 

vice to the state in the face of a decreas ing dean, chairman of the 

ing budget acting president of the 
Dr. Chase was born at Groveland. While the Board of Regents 

Massachusetts, fifty years ago. He was about to find a president to 

eraduated from Dartmouth College and reorganization program t!] 

in 1908 received his master’s degree ham had planned for the 

from this institution. He obtained his at Chapel Hill, Dr 

Ph.D. from Clark University, where for proving his success 

a short time he was director of the clinic tor that in 1920 he 

for sub-normal children. In 1910 he’ the Board of Regents 

joined the faculty of the University of for the post. 

North Carolina as professor of the phi- In 1930 Dr. Chase accepted 

losophy of education under the late Dr. dency of the University of | 

Kdward Kidder Graham. it was this position he left to 
(‘pon the death of Dr. Graham in chancellorship of New York 1 


WILLIAM BEAUMON' 
EPRODUCTION OF AN OLD DAGUERREOTYPE LOANED 
OF THE NEW YorK ACADEMY OF MEDICIN! 


BY 


IN HONOR OF WILLIAM BEAUMONT 


Ear.y in October the New York Acad- upon the book, Professor Walter 5 
emy of Medicine was the scene of the non, of Harvard University, said 


celebration of the one hundredth anni- In the period between 1833 and 
versary of the publication of William sands of other books had been writ! 
Be; , PES *) ts and Observ: published, had had their brief day ar 
peaumont Ss xp I im nts ant se! a- ae tie Wheat wee there ie Menement’s 
tions on the Gastric Juice and the Physi-  tnat endowed it witl 


ology of Digestion.’’ In commenting value? It possessed 
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1OnS 
and 


gs, making, according 


palling and hopeless cas« 


yvounded man was despaired of It, 
attention and treatment, and, no dou 
because of his own youthful vis 
1, in about ten months, suffici 

irvival. Even at th: 
he was ‘‘altogethe 


and since no one 


s needs, Beaumont took 


ind ‘‘medically and su 


sustained him, at much inconveniences 
for nearly twe dressing 
ly, a part 
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Dr. Bernard Sachs, 
acace mv, opened the meet 
address, in which he re 
points in Beaumont’s 


William Beaumont 


THE ONE-STORY FRAME HOSPITAL A‘ memorabilia 
rHE OLD FORT and travels 


at the New Yor 
until November : 


AN ELECTRICAL SURVEY OF ISLANDS AND CONTINENTS IN INVISII 
FILMS ON THE SURFACE OF WATER 


SURFACES, or more properly interfaces, trical method: 
are almost all important in a study of — study of such 
he action of the muscles, nerves, blood tained were ne ; 

all the other parts or materials of conflicting About five 
the human body In a research begun fessor Harkins suggested 
several years ago as supported by the eord in the results mie 


Julius Stieglitz Fund of the Chemical both electrical measureme 


Koundation, William D. Harkins and E. surements of the lateral! 
KX. Fischer have begun a study of the film were made simulti 
fundamental characteristics “of mem- It is a remarkable fact t} 
branes, especially of the electrical rela- only one molecule thick, t 
tions. As a part of this work the earlier thickness of only about one 
methods have been modified in such a millionth of an inch, is capable 
way as to enable them to give funda-  mitting a lateral pressure whic! 
mental information coneerning the forees enough to move a floating s 
which hold molecules together, the orien metal, and to do this over a 
tation of molecules in thin films, and the erable number of inches Sue 
structure of the different regions of a may exhibit many of the el 
film. isties of a solid, and is then 
The surfaces of all natural and arti- monomolecular or unimolecul 
ficial bodies of water are covered, more film, or it may act in the 


or less, by exceedingly thin invisible or mensions of the surface as a 


sub-ultra-microseopic films of oily sub- as a gaseous film. The Hardy-H 


stances. These invisible films are very Langmuir theory of surfaces 
much thinner than those often seen, that with films produced from 
which are visible layers of oil, highly as oleic or stearic acid, the mole 
colored by interference of the light waves oriented, as are the soldiers i 
which traverse them, and are about on parade. This orientation 
1/25,000 of an inch in thickness. It has manifest when the molecules a 
been known for many years that elec- pressed together to form a 
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‘ase verv te 
chanee to ‘‘he dow 
In waseous films this 

tly but not wholly 
film the water-li 

iles turn downward t 

lecules project up 
tests indicate that 
} ) : 
morecuies are ne 


; 
respec 


irkable that he presence 


oleeule (0.000000) 


in the elect 


is to make a topogra} 
vater surface The 
und to rise rapid: 
‘ld a few millimeters 
ce, approaches the eda 
island or a continent 


} 


molecules of the 
iains high while 


island, and 


RECENT DEVELOPMENTS IN THE STUDY OF CHEMICAL 


EFFECTS OF 
ALPHA PARTICLES AND ELECTRONS 


WHEN alpha rays from radon or ot! 


ier not at the electrode 


radioactive elements pass through the stances under para 


olecules of substances, they ionize them 


charge the amo 
removing electrons 


temporarily same relat 
eal action frequently results and 


i 


Ons AS 
er 


under alpha radiat 


iS heen | 


found to be dependent on and 
proportional to the number of ions reacting per io! 
rmed, though the proportionality fac 


_ 


assumption that 


though one is no 
Ss not the same as in Faraday’s laws caleulate the ior 
t electrolysis. charge 
Similarly, if gas ions are produced in 
gases by electrical discharge, chemical 
action similar to that in radon is pro- 


dueed 


Such studies have n 


to perhaps a hundred diff 


under alpha radiation and to many 
, in the bosom of the gas, however, 


| 
in electrical discharge R 


ePrent mywve 
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vations carried out either in the labora- 
tory of Professor Mund, at the University 
of Louvain in Belgium, or in the School 
of Chemistry under the directorship of 
Professor S. C. Lind, at the University 
of Minnesota, which are the two centers 
where radium is being devoted to this 
purpose, include the following reactions 
The synthesis and decomposition of hy- 
drogen iodide, hydrogen bromide, hydro 
gen chloride, hydrogen sulfide and of 
ammonia, the synthesis of water at high 
and low temperatures 180 to +500 
(.) and the polymerization of gaseous 
derivatives of acetylene. 


Much of 


toward the mechanism of the reactions, 


recent research is directed 
whether the gas ions are themselves the 
that 


first 


agents react directly or 


activated 
whether they give free radicals 
and free atoms that enter into reactions. 
There is much indirect evidence for both 
views with no possibility of a convincing 
decision in sight. 

The influence of foreign non-reactive 
vases iS important. They are also ionized 
particles and their ions 
the 


ions of the reactant, even when the for- 


by the alpha 


contribute as much to reaction as 


eign gas consists of single inert atoms 
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frases Th ~ 


like the 
strongly that the reaction is a 


inert 


process about the positive 101 
ert gas or that by an exchange « 


tion on collision the inert eas 


(f) 


and activate the reactant. This 
sible, however, when the j 


tial of the inert gas, like 


than that of the reactant was 
lene. And yet, xenon . 
acetylene molecules to po 


hich efficiency. This areun 


but not quite, conclusive 
themselves are the react 
All 


cient in 
While many of them ar 


foreign ions are not 


promoting a giv r 


efficient, carbon dioxide is o1 
efficient in 
monoxide 


cent its own Svnthesis 


carbon and oxyge! 





water vapor is 100 per cent 

its synthesis from hydrogen and ox 
two reactions which under alp! 

diation are entirely similar, except 

this one respect, even having id 

yields per ion. 

The factor on which the efficier 
foreign ions depends is not def 
known, but Mund has presented 
evidence that it may depend on the 
electric constant of the gas conce! 
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